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L--0V  THK  MiOBOBOOPIO  StBUOTUBI  or  THS  PiTOHSTONBfl  07  AbBAH. 

Bj  S.  Allpobt,  F.G.S. 
(PLATE  I.) 

TEDB  lalaiid  of  Arran  has  long  been  celebrated  among  geologists 
for  the  Yariety  and  extensive  development  of  its  igneous  rocks. 
The  basaltic  group  is  well  represented  in  its  various  forms  of  struo- 
tiiie  and  modes  of  occurrence ;  the  more  highly  silicated  series  by 
fekites  and  porphyrites,  forming  dykes  and  huge  amorphous  or 
columnar  masses ;  while  the  glassy  varieties  are  illustrated  by  dykes 
and  veins  of  pitchstone.  All  these  rocks  may  be  readily  studied  in 
the  small  area  comprised  within  the  southern  half  of  the  island,  the 
greater  part  of  which  consists  of  eruptive  rocks,  and  sandstones  of  the 
Carboniferous  period.  It  is  among  these  sandstones  that  most  of 
the  igneous  rocks  have  been  intruded.  Some,  however,  are  evidently 
interbedded  and  contemporaneous,  forming  great  sheets  of  melaphyre 
between  the  Carboniferous  strata. 

In  the  northern  half  of  the  island  the  geological  features  are 
entirely  different  The  whole  of  the  central  portion  is  occupied  by 
granite,  rising  here  and  there  into  mountain-masses  with  sharp 
serrated  peaks.  The  granitic  district  is  roughly  circular,  with  a 
diameter  of  seven  to  eight  miles,  and  is  completely  surrounded  by 
a  band  of  Silurian  slates ;  the  latter  are  bordered  on  the  north,  east, 
and  south  by  Old  Bed  Sandstone,  or  Lower  Carboniferous  rocks. 
Trap  dykes  frequently  occur  here  also,  and  there  are  dykes  of  pitch- 
stone  in  the  granite. 

A  visit  to  the  island  in  June  last  enabled  me  to  collect  a  good 
series  of  specimens  of  the  intrusive  rocks,  including  several  very 
interesting  varieties  of  pitchstone.  Of  these  I  have  prepared  many 
thin  sections  for  microscopic  examination ;  and  as  few  are  aware  of 
the  singular  beauty  of  their  structure,  I  propose  to  describe  the  most 
characteristic  varieties  in  the  present  communication. 

In  all  the  specimens  examined,  the  mass  of  the  rock  is  found  to 
consist  of  a  structureless  glassy  base,  in  which  may  be  seen  a  variety 
of  crystalline  minerals,  some  of  microscopic  size,  others  muc\x\aiget> 
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and  porpIij^i4tiaallj  imbedded.    A  glaia;  matarial  of  dtnilar  clutracUr 

also  oocaratiotniiDeqiieiifl^mbAnlliOTDokcof  BUagK.  but  iu  miicli 

smallQi,quaiititiea ;  whsD  it  greaUy  predomiiuttei,  u  in  the  pitch- 

aton^r.eCD.,  it.  of  oowao,  giTH  t  vitnoaa  aroeot  to  tlie  rocks  ;  in  all 

caBG^'h  .appean  to  be  Ae  nnorystallized  lendimm  of  thti  original  SnEi 

or  viapld  mass;  it  does  not  exhiint  doable  rafnuiiioii.  ^Rien  esaminei 

widi  a  BoiEoie&t  magnifTing  power  (SOO  to  600),  the  microscofM 

■ff>rmB  are  fonnd  to  be  eithex  diatinot  oiTstala  or  romided  granulea  - 

,^  tbd  former  are  gBDmallj  tdoabr  prinu,  and  in  the  following  de 

■!'BoriptionB  will  be  frequently  called  Delonitea;'  and  the  entire  groiqr 

■  of  microscopic  prodiuta  wUl  be  inolnded  under  the  tenn  niicrolite, 

'  both  being  ocmicnieDt  teim^  employed  by  Ziikel  in  his  deacriplioa 

of  the  vitreona  rocka.* 

On  the  Oorriee^  ahon  north  of  CUnohland  Point,  a  vein  of 
pitchBtone  from  twelve  to  thirteen  feet  thidi  oooon  in  the  &ce  d( 
tfae  cliff  not  far  from  the  foot  of  Don  Fion.  At  firat  neltt  it  appeals 
to  lie  between  the  beda  of  CarbonifennLB  Mnditone;  it  in,  faow&Ter,* 
fortunately  exposed  fbr  aome  diatanoe,  and  a  oaiefbl  examinatioa 
ahowB  that  it  onta  (^ndnally,  yet  diatinotlyi  asroaa  the  etrata,  and  ^ 
therefore  clearly  iiitmeive.  Another  vein  of  qnite  Bimilar  pitdb^ 
stone  occurs  at  a  higher  level  in  the  same  series  of  sandstones  of  tte 
Clauchland  hills.  It  is  a  dark  greyiah-gieen  vitreons  rock  with  tfeJ 
dnil  reeinons  lostre,  in  whioh  are  soatt^ed  man^  BDmlt  roundidi 
grains  of  a  pale  yellow  mbstanoe,  and  in  some  qieaimena  tbere  are  •' 
few  Btnall  crystala  of  felspar  and  qnaits, 

A  thin  section,  examined  nndar  the  microaoope  with  a  one-mcb 
objective,  is  seen  to  oonsist  of  an  amorplioni  glai^  bote,  containinii^ 
numerous  long  dender  prisms  of  «  green  pyroxenio  mineral;  tli« 
latter  are  occainonally  isolated,  but  geniaially  hjna  the  axes  to  whid 
are  attached  innnmnable  minnte  pale  grebn  oiystah  '  ^ 

exqniBitely  beantifdl  gtonps ;  scone  wonderfhlW  lua  fi 

others  bearing  the  (£isest  reaemblaaoe  both  in  finm  &i  _  

some  of  the  microsoopio  freshwater  algn;  in  &ct,  tbe  field  of  V 
appears  to  be  cnwded  with  minnto  SsroB,  and  the  moet  eli 
spraj'B  and  tofts  of  BatraeAoBperniim  (Plate  I  Kg.  1).  The  %, 
base  has  a  pale  yeUowish  tint  in  the  open  spaoes  between  the  gnmps ; 
but  under  a  higher  power  the  colouring  matter  is  reaolved  into  • 
nmsB  of  translucent  granules  and  minute  dyatala,  the  latter  beinf 
much  smaller  than  the  belonites  which  form  the  fern-like  groups 
A  oomparison  of  many  specimens,  affording  gradations  in  siae^ 
diows  clearly  that  all  these  crystalline  partides  consist  of  the  same 
pyroxenio  mineral  as  the  larger  prisms  whioh  form  the  axes.  It  is 
worthy  of  remark  that  the  tufts  and  aggregations  of  belonites  am 
invariably  surrounded  by  a  border  of  dear  colourless  glan  (mb 
"F'i.^.  1).  Placed  between  crossed  prisms,  the  section  is,  if  possflde, 
still  more  beautiful ;  the  tofts  and  spraya  then  ^pear  to  be  fbnned 
of  bright  gold  powder  on  a  perfectly  black  ground,  with  fine  bril- 
liant dust  scattered  in  the  dark  spaces  between  the  gronps.  Hie 
glassy  I)ase  is  a  single  refractiiig  substance,  and  thernbre  dark  be- 
'  ^aAv,  "s  seadlft"  •  ZaitMhr.  d.  dioUw.  poL  0«nL  18S7. 
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^neo  croeaed  prisms ;  the  pyroxenio  belonites,  on  the  contrary, 
fosBesfe  doable  refjoction,  and  exhibit  t.'olours. 

In  one  of  the  spocimens  from  the  Clauohhind  Hills  the  nppearaDco 
h  somewhat  different :  in  the  greater  part  of  the  suction  the  gUsey 
Use  18  clear  and  colourless,  the  needles  of  pyroxene  ara  sharply 
3>fin«>l.  and  the  plant-like  forms  also  occur,  but  are  here  broad 
faftf-lilie  expansions  of  green  colouring  matter,  which  ia  not  resolved 
If  an  ^inch  objective  into  anything  like  stnicture ;  nevertheless, 
Itie  not  clear  and  transparent,  and  might  possibly  bo  resolved  under 
f  etill  bigier  power.  This  mode  of  occurreooe  would  appear  to 
iBpneseat  the  first  stage  of  separation  of  the  ferruginous  from  the 
Mher  silicateB  of  the  base.  The  grains  ecen  in  the  specimens  are 
i^^Mrical.  or  egg-ebaped  bodies  of  a  yellow  substance,  whicli 
foUtiiee  light  and  exhibits  a  miuuta  radial  structure ;  some  contain 
dyOaJs  of  felspar,  or  short  prisms  of  augite,  also  radiating  from 
dbe  OGTitic,  And  not  nn frequently  extending  beyond  the  circumference 
in&  the  gl»«ay  base  (Fig.  1).  These  apherulBs  are  clearly  not 
hoondaiy  formations  fiUing  cavitieB,  like  Uie  zeolites  ia  other  rocks, 
mt  are  evidently  relatod  to  the  epherolitea  comnioD  in  eevemt 
ties  of  periitic  pitchstone  ;  it  is  n  renvirliMblo  fact,  that  altliou^li 
lliej  are  clearly  and  shnrply  iJcfiiied,  yet  the  feni-like  groups  :iiid 
tther  crystals  frequently  traverse  the  sjihei-es  as  well  as  the  bate, 
penetrating  both  indifferently;  their  formation  has  not  interfered 
in  any  way  with  the  general  texture  of  the  rock ;  in  other  words, 
the  crystalline  forms  are  gi'ouped,  or  distributed,  without  any 
relation  whatever  to  the  presence  of  the  spheres. 

Besides  the  forms  just  described,  crj-stals  of  felspar,  ijuorlsi, 
ingite,  and  magnetite  are  porphyritically  imbedded  in  the  base ; 
ahhongb.  comparatively  rare  in  the  rock  from  this  locality,  they  are 
very  numerous  in  others,  and  as  their  character  and  mode  of  occur- 
tBsvx  is  precisely  the  same  in  all  the  specimens  examined,  the 
following  description  will  apply  to  the  other  varieties. 

The  felspar  crystals  are  of  two  kinds,  readily  distinguished  from 
each  other  by  their  action  on  polarized  light ;  when  examined  in  the 
polariscope,  some  are  seen  to  be  finely  striateil,  or  striped  with 
colonred  bonds,  indicative  of  the  laminated  stnicture  of  the  triclinia 
grcrnp ;  otJiers  are  of  one  colour  only,  or  in  the  case  of  twins  have 
two  colours,  sharply  divided  by  the  plane  of  junction  of  the  two 
halves  (Fig.  4)-  These  crystals  are  orttwelase,  and  aj^ree  in  their 
optical  characters  and  fractured  condition  with  the  sanidine  of  many 
trachytes  ;  they  occur  far  teas  frequently  than  the  former. 

The  two  kinds  of  felspar  have  frequently  grown  together  in  one 
groap.  which  may  appear  perfectly  uniform  in  ordinary  light,  but  in 
the  |<olariscope  is  at  once  resolved  into  a  number  of  separate  crystals, 
with  ibeir  axes  at  various  angles,  often  penetrating  each  other,  but 
each  one  sharply  defined  by  a  difference  in  shade  or  colour;  this  is 
due  to  the  position  of  the  optic  axis  relatively  to  the  plane  of  polar- 
ization (.Fig.  5).  In  very  thin  sections  the  crystals  exhibit  little  or 
no  colour,  only  dark  and  JJ^Jjt  shades,  but  ivhen  thicker  tlioy  difiv^a.^ 
fine  Doloajs.    Some  of  the  oryatala   are  completely   and  reguiBiiv 
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formed,  exhibiting  in  section  well-defined  angles  and  edges ;  many 
of  them  are,  however,  imperfect,  and  not  a  few  are  mere  fragments, 
probably  broken  by  the  flowing  movement  of  the  mass  while  still 
in  a  viscid  state ;  but  of  this  motion  there  is  better  evidence  in  certain 
peculiarities  of  structure,  to  be  noted  presently. 

The  felspar  crystals  frequently  contain  cavities,  many  of  which 
are  filled  with  portions  of  the  glassy  base  and  its  characteristic 
contents ;  they  are  generally  more  or  less  rectangular  in  form,  and 
often  lie  in  rows  parallel  with  the  sides  of  the  prism. 

Crystals  of  augite  and  magnetite  are  sometimes  imbedded  in  the 
felspar,  it  would  therefore  appear  that  this  mineral  was  the  last  to 
crystallize. 

The  quartz  is  clear  and  transparent ;  it  occurs  in  the  sections  in 
hexagonal  or  rhomboidal  forms,  and  also  as  short  prisms  terminated 
by  pyramids.  The  outlines  are  generally  more  or  less  rounded, 
sometimes  completely  so,  but  very  frequently  there  are  one  or  two 
well-defined  edges  and  angles,  the  other  sides  presenting  a  peculiar 
rounded  and  indented  appearance.  This  is  well  seen  in  Figs.  8,  9, 
and  10,  which  accurately  represent  three  imperfectly  formed  crystals 
containing  cavities  filled  with  portions  of  the  base.  There  are  not 
only  cavities  inclosed  in  the  quartz,  but  the  indentations  frequently 
open  out  into  channels  extending  into  the  interior ;  some  are  pro- 
portionately much  longer  than  those  figured,  while  others  show 
clearly  how  many  of  the  cavities  were  formed.  Fig.  12  exhibits  an 
extension  of  the  base  into  a  quartz  crystal  through  a  narrow  opening 
in  the  edge,  and  it  is  evident  that  a  slight  addition  to  the  quantity 
of  silica  would  close  the  aperture  and  produce  a  very  characteristic 
•form  of  cavity.  Although  these  cavities  vary  in  size  and  shape, 
most  of  them  have  a  regular  rhomboidal  form,  corresponding  with 
that  of  the  crystal  (see  Fig.  11) ;  and  it  will  be  seen  that  I^g.  12 
would  afford  an  equally  good  example  if  the  opening  were  dosed. 

The  sides  of  the  longer  channels  which  penetrate  the  crystals  are 
rounded,  and  sometimes  bent  into  folds,  forming  flexures  and  curves 
which  could  only  have  been  produced  when  the  quartz  was  in  a 
plastic  state.  It  is  evident  irom  these  facts,  that  the  quartz  crystal- 
lized out  from  the  surrounding  matrix,  and  also  that  the  crystals 
were  at  one  time  small  masses  of  plastic  silica,  which  gradually 
assumed  a  crystalline  form,  and  became  perfect  or  imperfect,  ac- 
cording as  the  conditions  were  more  or  less  favourable. 

It  is  important  to  observe. that  this  mode  of  occurrence  in  the 
pitchstones  is  equally  characteristic  of  the  quartz  crystals  in  the 
quartziferous  porphyries,  but  that  it  is  quite  different  from  that 
which  obtains  in  granite.  It  would  appear,  therefore,  that  the  con- 
ditions under  wbich  the  latter  was  formed  must  also  have  been 
different,  and  as  the  former  are  unquestionably  true  eruptive  rocks, 
it  may  well  be  that  those  geologists  are  not  far  wrong  who  hold 
that  in  most  oases  granite  is  a  metamorphic  rock. 

The  augite  has  a  clear  transparent  green  colour,  and  occurs  in 

11-form^  crystals  and  irr^uhir  grains,  but  the  former  are  rare  ; 
is  generally  imbedded  in  the  base,  sometimes  in  the  felspar  also. 
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Hie  total  absence  of  didmnam  is  stifficient  to  diatingoiah  it  from 
hornblende. 

The  magnetite  occtniB,  as  nsoal,  in  opaque  black  graina,  and  is 
foimd  in  the  augite  and  felspar  crystals,  and  also  in  the  base. 

Dmmadoon  Point>  on  the  west  coast  of  the  island,  is  a  bold,  rocky 
headland  of  quartas  porphyry,  exhibiting  on  its  seaward  face  a 
magnificent  group  of  lofty  columns,  which  rest  perpendicularly  on 
beds  of  CarboniferoBS  sandstone.  On  the  shore,  at  the  base  of  the 
diff,  there  ia  an  intrusive  mass  of  quite  similar  rock,  together  with 
nomerons  dykes  of  basalt ;  the  latter  cut  through  the  sandstones  and 
porphyrites,  and  extend  upwards  through  the  great  vertical  columns. 
Northwards,  towards  Tormore,  the  dykes  become  still  more  nume- 
rous, and  at  one  point,  the  side  of  an  immense  dyke  of  quartz 
porphyry  forms  a  diflf  rising  abruptly  from  the  water's  edge.  Im- 
mediately to  the  north,  the  shore  is  completely  seamed  by  great 
dykes  of  basalt,  porphyrite,  felsite,  and  pitchstone.  One  large  dyke, 
sixteen  yarda  wide,  is  composed  of  basalt  on  one  side  and  pitchstone 
on.  the  other ;  in  other  cases,  the  sides  are  formed  of  basalt  and  the 
oentre  of  pitchstone ;  in  many  places  the  latter  has  been  altered  to 
hmsUme  (so-caUed)  for  some  little  distance  from  the  line  of  contact 
witii  the  sandstones.  One  of  these  dykes  just  north  of  King's  Cove 
oonsiata  of  a  greenish  black  porphyritic  pitchstone,  containing  nume- 
rous email  crystals  of  glassy  felspar  and  quartz;  the  fracture  is 
sab-oonchoidal,  lustre  vitreous.  Some  parts  of  the  rock  exhibit 
numeroua  parallel  stripes  of  a  lighter  colour,  which  pass  as  bands 
through  the  mass  of  the  rock,  their  direction  being  parallel  with  the 
lidea  of  the  dyke.  Under  a  one-inch  objective,  the  texture  is  seen 
to  differ  considerably  from  the  specimens  described  above.  The 
base  is  a  pale  brown  glass  irregularly  mottled  with  clear  colourless 
spaces,  and  crowded  in  every  part  with  slender  pale  green  belonites 
and  minute  granules ;  they  are  not  arranged  in  groups,  as  in  the 
other  varieties,  but  are  evenly  distributed  throughout  the  mass,  and 
for  the  most  part  lie  with  their  long  axes  in  a  direction  more  or  less 
parallel  with  the  light-coloured  bands.  Porphyritically  imbedded 
in  this  base  are  a  number  of  crystals  of  felspar  and  quartz,  a  few  of 
augite,  and  a  few  grains  of  magnetite. 

To  the  sides  of  some  of  these  crystals  the  belonites  have  attached 
themselves  by  one  end  in  great  numbers,  projecting  at  right  angles 
from  the  surface,  or  crossing  each  other  in  various  directions.  As 
the  microlites  of  the  base  usually  lie  with  their  long  axes  more  or 
less  parallel,  the  general  appearance  is  that  of  a  stream  of  particles 
flowing  in  one  direction ;  but  when  a  crystal  of  fels^mr  or  quartz 
stands  in  the  way,  the  stream  is  divided,  the  belonites  appear  to  be 
diverted  to  either  side,  arrange  themselves  with  their  axes  parallel 
to  the  sides  of  the  obstacle,  then  sweep  round  it,  and  are  again  united 
in  a  direct  course  on  the  opposite  side.  This  remarkable  structure 
ia  well  represented  in  Fig  13,  which  shows  a  gioup  of  compound 
felspar  crystals,  augite,  and  black  grains  of  magnetite,  surrounded 
by  streams  of  belonites.  The  small  group  of  augite  crystals  partly 
penetrates  the  felspar,  and  the  sides  of  the  latter  are  thickly  ^tvxd^^vi 
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with  belonites.  This  stream-like  arrangement  of  the  smaller  par- 
ticles clearly  indicates  that  the  mass  of  the  rock  remained  in  a  viscid 
state  after  the  formation  of  ttie  crystals;  in  all  probability  it  is 
mainly  due  to  the  flowing  movements  of  the  lava  previous  to  its 
consolidation.  A  similar  structure  is  common  in  trachytic,  and  other 
volcanic  rocks,  and  also  occurs  to  a  slight  extent  in  some  of  the  older 
melaphyres. 

The  varieties  of  texture  in  the  striped  pitchstones  are  extremely 
interesting,  and  deserve  careful  study,  as  they  present  peculiarities 
not  to  be  found  in  other  kinds  of  igneous  rocks.  In  a  specimen 
taken  from  a  dyke  about  a  mile  soutli  of  Tormore,  the  striped 
appearance  is  due  to  the  occurrence  of  numerous  parallel  bands  and 
lines  of  a  lighter  colour  than  the  mass  of  the  rock,  and  an  examina- 
tion of  thin  transparent  sections  shows  not  only  the  nature  of  the 
bands,  but  that  they  also  exist  in  microscopic  proportions ;  for  in  one 
section,  three  quarters  of  an  inch  in  diameter,  there  are  no  less  than 
twenty-two  light  and  dark  coloured  bands  alternating  with  each 
other.  The  dark  bands  consist  of  a  pale  brown  glass,  containing  a 
few  tuft-like  and  stellate  groups  of  small  green  crystals,  while  the 
pale  stripes  are  of  clear  colourless  glass,  in  which  are  to  be  seen 
numerous  belonites  and  small  pellucid  granules ;  these  are,  however, 
much  larger  and  fewer  in  number  than  the  miorolites  forming  the 
colouring  matter  of  the  brown  bands.  There  is  no  tendency  to 
cleave  in  the  direction  of  the  bands,  and  it  is  evident  that  the  struc- 
ture is  quite  different  from  the  foliation  of  the  crystalline  schists ; 
the  rock  is  simply  a  continuous  homogeneous  glass,  in  which  the 
devitrified  or  crystalline  particles  have  arranged  themselves  in 
alternate  layers  characterized  by  differences  in  texture  only ;  minora- 
logically,  there  is  no  difference  whatever.  Fig.  2  is  a  very  success- 
ful attempt  to  represent  the  structure  here  described.  A  banded 
jntch stone  from  a  dyke  in  the  granite  south  of  Cior  Mor  has  a  very 
similar  structure. 

A  short  distance  from  the  dyke  just  described  there  is  another 
of  great  interest ;  it  is  sixteen  yards  wide  and  strikes  in  a  N.N. W. 
direction  from  the  sea  across  the  shore,  and  then  rises  straight  up 
tlie  face  of  the  cliff  through  the  sandstones,  which  form  a  smooth 
wall  on  each  side.  The  west  side  of  the  dyke  contains  a  band 
of  hornstone,  one  foot  thick,  in  contact  with  the  sandstone,  then 
several  feet  of  pitchstone,  the  remainder  being  basalt ;  in  one  place 
a  strip  of  sandstone  has  been  caught  up  between  the  basalt  and 
pitchstone  and  baked  to  a  hard  quartzite.  This  pitchstone  exhibits 
a  very  different  texture  from  the  one  just  described;  it  consists 
of  a  yelIowish-1  )rowTi  base,  in  which  a  few  acicular  pyroxenic  crystals 
are  arranged  in  stellate  groups  at  some  distance  apart.  Like  others 
previously  described,  these  groups  are  bordered  by  a  clear  space 
surrounded  by  the  coloured  glass,  which  forms  a  re-entering  angle 
between  the  rays,  the  appearance  being  that  of  a  bright  star  of  five 
or  six  pointed  rays.     See  Fig.  3. 

The  hornstone  so  frequently  mentioned  by  Bryce  in  his  "  Geology 
of  Arran  "  is  simply  altered  pitchstone ;  a  specimen  taken  from  lie 
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nde  of  thia  dyke  exhibits  ander  the  microscope  the  characteristic 
itractare  of  the  analtered  rock ;  the  quartz  crystals  are  the  same 
in  every  respect,  but  the  felspar  is  no  longer  transparent,  and  the 
dear  green  belonites  have  lost  their  colour,  amd  appear  as  yellowish- 
brown  specks. 

On  Uie  south-east  slope  of  Gk>atfell,  above  the  woods  surrounding 
Brodick  Castle,  there  are  some  blocks  of  a  magnificent  porphyritio 
pitchstone,  of  a  very  different  character  from  any  of  the  preceding. 
Hiey  lie  in  the  bed  of  the  carrier,  which  conveys  water  from  the 
miU  dam.  The  rock  was  not  found  in  sitti,  as  the  ground  is  here 
very  onfavourable  for  examination,  the  mountain  side  being  covered 
with  debris  from  the  higher  granitic  masses  and  thickly  coated  with 
turf 

The  matrix  is  a  greenish-black  glass  of  dull  lustre,  crowded  in 
every  part  with  large  crystals  of  glassy  felspar,  some  of  which  are 
half  an  inch  in  length.  Quartz  crystals  are  also  abundant.  As  the 
base  is  very  finely  granular,  it  requires  a  power  of  600  for  its  ex- 
amination, and  is  then  seen  to  consist  of  a  colourless  transparent 
glass  crowded  with  belonites  of  nearly  uniform  size;  they  are  straight 
prisms  -TisVcr  ^^  *^  ^^^^  ^ong  by  ,  ^^^^  broad,  and  intermingled 
with  them  are  numerous  minute  granules. 

These  microlites  are  very  regularly  distributed  throughout  the 
glass,  and  lie  at  all  angles,  except  when  near  one  of  the  larger 
crystals,  when  their  long  axes  at  once  assume  a  uniform  direction, 
and  they  appear  to  bend  round  it  There  are  in  addition  many 
small  crystals  of  augite  about  the  j-4^  of  an  inch  long,  and  a  few 
grains  of  magnetite.  Lastly,  there  are  the  large  felspar  and  quartz 
crystals,  and  a  few  of  augite  porphyritically  imbedded  in  the  matrix. 

The  felspar  is  cliiefly  triclinic,  but  orthoclase  is  also  present.  The 
crystals  are,  as  usual,  penetrated  by  the  augite  and  magnetite,  but  in 
this  rock  they  are  especially  remarkable  for  the  large  amount  of  the 
matrix  inclosed  in  their  cavities.  Some  are  little  more  than  skeletons 
of  felspar,  the  whole  of  the  interior  being  completely  honeycombed 
with  cells  filled  with  the  matrix  just  described,  or  with  a  brown 
glass,  the  latter  sometimes  predominates.  Fig.  6  is  a  crystal  of  tri- 
clinic felspar,  as  seen  in  a  thin  section.  During  the  process  of 
grinding,  the  mass  of  the  crystal  was  found  to  be  similarly  filled 
with  brown  glass. 

In  other  crystals  the  cavities  are  arranged  parallel  with  the  sides, 
forming  a  broad  band  near  the  surface,  the  central  part  being  clear 
felspar  with  only  a  few  detached  cavities. 

It  is  evident  that  the  chemist  would  be  completely  misled  in  an 
examination  of  these  ciystals,  and  it  may  be  well  to  point  out  that, 
although  this  is  certainly  an  exceptional  case  as  regards  the  quantity 
of  foreign  matter,  stQl  the  occurrence  of  various  minerals  in  the 
constituents  of  igneous  rocks  is  so  common,  that  it  is  quite  sufiicient 
to  account  for  many  of  the  discrepancies  to  bo  found  in  the  lists 
of  analyses. 

Having  examined  the  most  marked  varieties  met  with  m  Arrasi, 
it  may  be  well  to  add  a  description  of  a  porphyritio  pitchbtoii©  ixoxxi 
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the  well-known  Scuir  of  Eigg.  The  glassy  base  of  this  rock  is  of 
a  velvet-black  colour,  rather  dull  lustre,  and  thickly  studded  with 
crystals  of  sanidine.  Under  a  one-inch  objective^  a  very  thin  section 
exhibits  a  compact  grey  base  full  of  fine  dust,  in  winch  there  are 
imbedded  crystals  and  irregular  fragments  of  sanidine,  augite,  and 
grains  of  magnetite.  Examined  with  ^in.  objective=520  diameters, 
the  base  is  seen  to  consist  of  an  immense  number  of  extremely 
minute  brown  prisms,  and  about  an  equal  number  of  granules ;  many 
of  these  are  transverse  sections  of  the  prisms,  others  are  black  and 
are  probably  magnetite.  These  microlites  are  so  crowded  in  the 
glassy  base  as  to  render  it  only  partially  translucent  in  the  thinnest 
sections ;  they  may,  however,  be  very  well  seen  along  the  sides  of 
the  felspar  and  quartz  crystals,  and  in  those  portions  of  the  base 
which  extend  for  some  distance  into  the  crystals.  They  are  also 
remarkably  well  shown  in  places  where  the  section  happens  to  cut 
the  face  of  a  crystal  very  obliquely,  leaving  a  wedge-shaped  layer 
of  the  base  extending  across  it.  The  average  size  of  tiie  larger 
microlites  is  7^7  X  1 3  j  ^  ^  of  an  inch,  but  the  majority  of  them  are 
much  smaller.  The  sanidine  is  clear  and  transparent,  and  often 
contains  portions  of  the  base,  etc.  There  are  also  a  few  crystals  of 
augite  and  grains  of  magnetite  included  in  the  base.  Here  and 
there  cavities  of  an  oval  form  have  been  filled  with  a  yellow  sub- 
stance, or  the  centre  is  yellow  with  a  clear  transparent  border.  These 
are  evidently  secondary  products,  and  probably  fill  spaces  previously 
occupied  by  some  easily  decomposed  mineral. 

There  still  remain  some  interesting  rocks  connected  with  the 
pitchstones,  but  a  description  of  them  must  be  left  for  another 
occasion. 

With  respect  to  the  age  of  the  Arran  pitchstones,  all  that  can  be 
said  at  present  with  certainty  is,  that  they  are  more  recent  than  the 
Granite  or  the  Carboniferous  sandstones ;  they  are,  however,  so  inti- 
mately associated  with  the  basalts  and  some  of  the  quartz-porphyriea 
—  occasionally  forming  portions  of  the  same  dykes — ^that  they  are 
probably  of  the  same  age,  and  may  owe  their  origin  to  the  great 
Miocene  volcanos  which  seamed  the  north-western  coast  with  dykes, 
and  poured  their  huge  streams  of  basaltic  lavas  over  a  wide  range  of 
country,  extending  from  the  North  of  Ireland  through  the  inner 
Hebrides  to  the  Faroe  Islands  and  Iceland. 

Since  the  foregoing  observations  were  written,  I  have  had  the 
pleasure  of  reading  "  Geological  Sketches  of  the  West-coast  of  Scot- 
land," by  Professor  Zirkel.'  Drawn  by  the  hand  of  a  master,  these 
sketches  exhibit  a  more  accurate  description  of  the  rocks  of  that 
interesting  district  than  can  be  found  elsewhere,  and  are  therefore  of 
special  interest  and  importance  to  English  geologists.  The  paper 
contains  a  description  of  the  pitchatones  of  Arran,  and  at  first  sight 
it  occurred  to  me  that  my  own  account  of  them  had  thus  been 
rendered  unnecessary.  There  are,  however,  so  many  varieties  of 
these  rooks,  so  many  points  of  interest  connected  with  their  struc- 

'  ZmU,  d.  d.  geol.  Ckt.  toL  nan.  U7V. 
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tore,  and  the  formation  of  their  mineral  constitaents,  that  the  facts 
discoBsed  in  the  two  papers  are  by  no  means  the  same ;  and  I  trust 
it  will  be  found  that  Uie  preceding  observations  have  not  been 
raperaeded.  There  is  one  point  of  some  interest  to  which  it  will 
be  necessary  to  advert. 

At  page  43  the  author  calls  the  green  pyroxenic.  crystals  horn- 
Ue»de,  but  gives  no  reason  for  the  statement.  In  my  paper  they  are 
described  as  augite,  for  the  reason  assigned,  viz.,  that  none  of  the 
oiystalB,  large  or  small,  exhibit  the  faintest  trace  of  dichroism.  Now, 
TBchermak  has  shown  that  hornblende  is  dichroic,  while  augite  is 
not ;  and  that  we  have*  thus,  at  last,  a  satisfactory  method  of  dis- 
tinguishing these  minerals  fk>m  each  other.  I  also  made  the  same 
observation,  quite  independently,  towards  tbe  end  of  1870,  and  have 
since  repeatedly  verifieJi  it,  not  only  in  diorites  and  syenites,  but  also 
m  hornblende  schists ;  in  all  cases  this  mineral  is  distinctly  dichroic. 
On  the  other  hand,  all  the  augite  examined  either  remains  quite 
unchanged  or,  at  most,  exhibits  a  very  slight  variation  in  shade.  It 
is  true  that  some  specimens  of  hornblende  are  more  strongly  dichroio 
tban  others,  and  I  have  observed  that  the  pale  green  varieties  possess 
tbis  property  in  a  less  degree  than  those  of  a  brown  colour ;  still, 
the  palest  green  crystals  exhibit  in  the  dichroscope  a  far  greater 
difference  between  the  two  rays  than  I  have  seen  in  any  specimen 
of  augite.  Unless,  therefore,  it  can  be  shown  that  some  hornblende 
is  not  in  the  least  dichroic,  the  mineral  in  (juestion  must,  on  this 
g;round  alone,  be  regarded  as  augite.  Having  very  great  deference 
for  the  opinion  of  Prof.  Zirkel,  I  have  availed  myself  of  a  delay  in 
the  publication  of  the  paper  to  make  a  re-examination  of  all  my 
Bections,  and  have  found  one  well-formed  crystal  which  happens 
to  lie  in  such  a  position  as  to  exhibit  a  transverse  section  of  the 
prism.  A  careful  measurement  of  the  angles  with  the  goniometer 
gives  the  following  results  :  132° ;  137°  ;  87° ;  the  true  angles  being 
133°  30^ ;  136°  30^ ;  87°.  Now  we  have  hero  as  close  an  agree- 
ment as  can  be  expected  under  the  conditions  ;  and  as  the  corre- 
sponding angles  in  honiblende  are  so  widely  different,  there  can  be 
no  doubt,  I  think,  that  the  pyroxenic  constituent  of  the  Arran  pitch- 


stone  is  augite. 


EXPLANATION  OF  PLATE  I. 


Pio.  1. — Section  of  pitcbstonc  from  the  East  coast,  containing  fern-like  groups 
of  jfreen  belonites  and  part  of  a  apherolite.     Described  on  p.  2. 

Fio.  2. — Striped  pitclistone  from  a  dyke  south  of  Tormore.     See  p.  6. 

Fio.  3.— Pitchstone  from  a  vein  in  the  cliifs  near  Tormore,  showing  stellate  groups 
of  crystals  in  a  brown  glassy  base.  The  latter  should  have  been  represented  as  in 
FiF.  1,  i.e.y  without  a  sharp  outline  round  the  stars.     See  p.  6. 

Fio.  4. — Group  of  felspar  crystals,  as  seen  in  polarizeti  light ;  «  is  a  twin  crystal 
of  orthoclase,  showing  two  colours  sharply  divided  by  the  plane  of  junction ;  i,  a  tri- 
clinic  crystal  with  coloured  bands.  Several  fem-like  groups  of  belonites  are  attached 
to  the  sides  of  the  felspar.     Magnified  20  diameters. 

Fio.  6. — Felspar  crystals  in  polarized  light  x  20  diameters.    The  lower  group 
eoDsists  of  several  imperfect  tricunic  crystals,  with  an  angular  snaco  between  them 
filled  with  the  granular  matrii  in  which  thcj  are  imbedded.  The  aatk  part  c'lLWci^vtv^ 
from  top  io  bottom  Is  of  one  uniform  colour,  and  is  evidently  orthoclase.    TYve  xr^i^ct 
ajwtMi  u probBbly  an  imperfect  twin  of  orthoclase,  fiithough  one  \is\i  app«M»  V>  wm- 
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Bist  partlj  of  plagioolase.  It  is  known  that  some  crystaU  are  formed  of  alternating 
laminsB  of  triclmic  and  monoclinic  felspar. 

Fio.  6. — Crystal  of  triclinic  felspar,  in  the  porphyritic  pitcbstone,  from  GoatfeU 
X  5  diameters.    The  interior  is  full  of  carities  containing  brown  glass.    See  p.  7. 

Fio.  7. — ^The  same  in  polarized  light. 

Fjqs.  8,  9,  10.— Imperfect  quartz  crystals,  oontaining  glass  carities  and  deep 
indentations  filled  with  uie  glassy  base.    See  p.  4. 

Fio.  U. — Minute  glass  cavitjr  of  characteristic  crystalline  form,  magnified  180 
diameters.    It  contains  a  gas  carity  and  also  a  portion  of  the  base.    See  p.  4. 

Fio.  12.— One  side  of  an  impmect  quartz  crystal,  showing  mode  of  formation 
of  the  glass  carities  (p.  4).  In  the  original  drawing  the  sides  of  the  neck  are  rather 
closer,  and  the  lines  curved  instead  of  straight. 

Fio.  13. — Group  of  crystals,  surrounded  by  streams  of  belonites.  Section  of  a 
porphyritic  pitchstone  from  a  dyke  near  King's  Core.    See  p.  5. 


n. — On    Cirques    and    Taluses. 
By  the  Rsr.  0.  Fisher,  M.A.,  F.G.S. 

1HAVE  had  the  pleasure  of  reading  Mr.  Bonney's  paper,  "  On  a 
Cirque  at  Skye,"  and  send  you  these  few  lines  raUier  as  an  ap- 
pendage to  it  than  in  the  spirit  of  criticism.  I  think  Mr.  Bonney  has 
made  out  the  greater  part  of  his  case  very  well ;  but  being  a  rather 
more  ''ardent  glacialist"  than  he  (though  far  less  acquainted  with 
glaciers),  I  do  not  think  he  has  attributed  quite  enough  to  their 
operation  in  the  formation  of  a  cirque.  Speaking  of  a  Glacial 
period,  he  says,*  "  The  cliffs  would  still  be  cut  back,  by  water  in 
summer,  by  frost  in  winter ;  the  talus  borne  away  or  crushed  by  the 
glacier,  the  rocks  below  somewhat  worn  and  rounded,  but  still  the 
completeness  of  the  Cirque  as  a  whole  forbids  us — unless  we  assign 
it  entirely  to  glacial  action — ^to  suppose  that  it  was  more  than 
slightly  altered  by  this." 

I  think  that  the  work  cursorily  attributed  to  the  glacier  in  this 
summary  is  of  the  essence  of  the  question,  and  that  without  the 
glacier  the  cirque  would  not  have  been  formed.  I  reason  thus :  If  a 
homogeneous  rock  is  subjected  to  simple  weathering,  the  result  is, 
that  the  surface  scales  off  to  an  equal  depth  all  over  during  every 
successive  season.  For  instance,  the  vertical  face  of  a  deserted 
chalk  pit  continues  vertical  in  the  upper  part  imtil  the  whole  face 
becomes  masked  by  a  talus  which  grows  upwards  from  the  base. 
I  have  shown  in  a  former  number  of  this  Magazine  '  that  behind 
this  talus  a  parabolic  contour  must  be  formed.  But  what  is  enough 
for  the  present  purpose  is,  that  above  the  talus  the  face  continues 
verUcaL  If  then  by  any  means  the  talus  should  be  removed  as  fast 
as  it  is  produced,  the  vertical  form  will  be  perpetually  maintained, 
and  carried  farther  back  into  the  hill  every  year.  The  same,  no 
doubt,  will  happen  with  any  rock  which  is  homogeneous,  and  suffi- 
ciently firm  to  stand  in  a  vertical  face  K  it  be  tweeted  by  vortical 
joints,  its  destruction  will  be  more  rapid. 

Now  I  conceive  that  this  is  what  has  happened  in  these  cirques, 
and  that  the  glaciers  which  formerly  occupied  them  have  been  the 
carriers  which  removed  the  talus.    Their  former  action  as  such  is 

'  OsoL,  Mao,,  Vol  VIIL,  p.  539.  »  Geol.  ^aq.,\o\.11\.,^.^&V, 
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now  testified  to  by  the  xnoraineB  described  by  Mr.  Bonney  as  being 
left  within  their  areas.  The  question,  whether  the  existence  of  a 
Racier  within  the  area  was  or  was  not  necessary  to  the  removal 
of  the  talus,  may  be  almost  decided  by  observing  whether  the  talus 
is  or  is  not  at  present  accumulating.  For  my  own  part  I  have  a 
difficulty  in  conceiving  the  removal  of  talus  from  an  area  of  such  a 
form  by  streams.  And  Mr.  Bonney  when  telling  of  the  accumulating 
talus,  says,  ''In  not  a  few  corries  and  cirques  the  transporting  power 
(of  streams)  can  hardly  keep  pace  with  the  excavatory.'*  ''  Hardly 
is  a  word  of  doubtful  signification.  I  have  an  idea  that  ''not 
-would  express  the  fact  better,  for  he  has  just  told  us  how  in  this 
one  "  the  ice-worn  slopes  below  are  strewn  with  debris,  and  "  how 
'*  their  junction  with  the  cliff  is  almost  everywhere  masked  by 
screes."  K  the  talus  grows,  the  inevitable  result  must  be  that  the 
T^ertical  face  will  become  in  time  a  slope.  The  slope  once  completed, 
the  excavation  of  the  true  cirque-wall  must  cease. 

Thus  I  conclude  that  a  cirque,  though  not  excavated  by  a  glacier, 
is  strictly  a  glacial  phenomenon. 

The  mountain  tarns,  so  common  in  cirque-like  hollows,  are  easily 
aoooonted  for  on  the  above  principles.  The  tarn  occupies  the  former 
bed  of  the  glacier,  and  the  dam,  which  holds  back  the  water,  is  in 
the  position  held  by  the  terminal  moraine  at  the  time  when  the 
g^lacier  finally  disappeared.  I  can  see  no  other  possible  explanation 
of  this  common  feature  in  mountain  scenery. 

But  when  we  come  to  seek  an  explanation  of  the  shape  of  the 
cirque,  the  case  is  not  so  clear.  If  they  were  always  in  places 
-where  many  streams  from  above  converge,  tliis  might,  as  Mr. 
JBonney  suggests,  cause  a  more  rapid  destruction  of  the  rock  at  that 
locality;  chiefly,  however,  I  should  suspect,  by  atmospheric  action 
on  the  wet  surface.  A  quaquaversal  dip  would  also  be  favourable  to 
the  production  of  a  cirque ;  the  reason  being,  because  the  maximum 
resistance  to  destruction  is  not  attained  until  the  exposed  face  is 
perpendicular  to  the  plane  in  which  the  dip  lies,  or,  in  other  words, 
is  parallel  to  the  strike.  The  exposed  lines  of  bedding  would  in 
that  case  appear  horizontal. 

In  a  homogeneous  rock  a  hollow  once  formed  would  become 
enlarged  by  disintegration  in  all  directions  equally,  so  that  a  vertical 
chasm  would  in  time  become  a  cirque.  Such  may  be  the  principle 
on  which  cirques  in  Syenitic  rocks  may  have  been  formed. 

There  is  much  significance  in  general  about  a  talus.  One  of  the 
most  remarkable  features  in  mountain  scenery  is  the  range  of  talus 
which  usually  bordws  the  valleys,  and  which  is  so  often  clothed 
with  forest  These  taluses  are  unmistakably  the  last  formed  feature 
of  the  landscape.  They  belong  pre-eminently  to  the  present  period 
of  geological  change.  Previously  to  their  formation  the  valleys 
must  have  had  precipitous  sides,  constantly  dropping  stones  and 
earth,  which  must  somehow  have  been  continuously  carried  away. 
What  carried  them  away  ?  The  answer  must  be,  either  sea  or 
glacier.  Few,  I  suppose,  will  refuse  to  give  the  preference  to  ftkft 
glaaer,     Qeologists  may  differ  as  to  the  extent  to  which  tiheBO  gc^s^X. 
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glaciers  deepened  their  beds.  But  in  those  beds  they  (or  the  sea) 
most  have  been,  otherwise  the  clifb  could  not  have  been  formed. 

Moreover,  it  is  not  very  long  ago,  geologically  speaking,  since 
they  were  there ;  or  else  by  this  time  the  talus  would  have  reached 
the  top  of  the  diff. 

On  this  point  Mr.  (}eikie's  paper  *  comes  very  opportunely. 
There  can  be  little  doubt  but  that  the  glaciers  which  occupied  and 
harrowed  away  the  debris  of  the  cirques  and  of  other  cliff-bordered 
valleys  belonged  to  his  third  period,  viz.,  of  moraines  and  raised 
beaches ;  although  the  excavation  may  have  gone  on  at  intervals, 
when  there  was  just  ice  enough  and  not  too  much,  all  through  the 
Qlacial  epoch,  with  its  many  changes. 

I  am  glad  to  see  Mr.  Geikie's  article  headed,  "  First  Paper." 
I  hope  in  the  second  paper  he  will  correlate,  as  far  as  he  is  able,  the 
glacial  phenomena  of  ScK)tland  with  those  of  England,  and  especially 
tell  us  what  was  going  on  here  while  Scotland  lay  beneath  its  ice- 
sheet.  I  shall  be  pleased  if  he  can  so  far  support  my  views  *  as  to 
allow  us  a  comer  of  it. 


m. — On  the  Geology  or  Donegal. 
By  Dayu  Forbbs,  F.B.S.,  etc. 

A  DISCUSSION  on  the  geological  features  of  a  locality  between 
one  who  has  never  been  on  the  spot  and  another  who  has  seen 
so  little  of  it  as  not  even  to  know  which  is  the  bottom  or  top  of  an 
elaborate  section  which  he  has  designed  to  illustrate  these  very 
features,  is  not  likely  to  prove  particularly  instructive  to  the  geo- 
logical public,  and  for  these  reasons  I  would  gladly  have  avoided  it, 
had  not  Mr.  Green  thought  proper  to  bring  my  name  prominently 
forward  in  a  paper  entitled  "  Notes  on  the  G^eology  of  part  of  Co. 
Donegal,"  in  last  month's  Geological  Magazine  ;  which  paper,  it 
may  be  remarked,  was  read  and  discussed  on  tlie  20th  June  last  at 
the  meeting  of  the  Geological  Society,  although  the  Society  sub- 
sequently declined  to  print  it  in  the  Quarterly  Journal. 

Mr.  Green,  not  content  with  this  decision,  and  resolved  that  the 
world  shall  not  lose  the  benefit  of  his  valuable  labours  in  a,  to  him, 
evidently  quite  new  field  of  geological  inquiry,  has  reproduced  it  in 
its  present  form,  adding  a  lengthy  criticism  on  some  remarks  which 
fell  from  me  during  the  discussion  at  the  Society,  thereby  calling  on 
me  for  a  reply,  which  I  imagine  he  would  not  have  found  necessary 
had  he  been  present  at  the  discussion  itself. 

I  would,  therefore,  at  once  state  that  I  spoke  against  Mr.  Green's 
paper  on  principle ;  for  the  reason  that  whilst  it  did  not  contain  a 
single  new  fact,  observation,  or  reliable  section,  it  showed,  as  he  now 
admits,  an  utter  want  of  inquiry  into  whether  anything  had  pre- 
viously been  published  on  the  subject,  and  also  because  I  under- 
stood that  the  amount  of  time  he  devoted  to  field  investigation  was 
altogether  so  insignificant,  in  comparison  to  the  importance  of  the 

>  Geol.  Mao.,  Vol.  VIII.,  p.  645. 
'  Geol  Joum.,  vol  udL,  p.  653;  and  OioL.  filLAO.,yo\.lll.t^.  i^3. 
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laboratory,  engage<l  in  the  study  of  these  rocks  far  the  last  twenty  | 
years,  I  am  not  ushameil  to  ask  for  iuformation  which  I  have  not  \ 
1)0011  ablo  to  find  in  reliable  works  on  Geology  or  Petrology,  althoogli  ? 
I  have  taken  ^rcat  |>ains  to  make  myself  acquainted  with  tlie  foreign,  i 
as  well  as  Knglish,  literature  of  this  subject ;  and  I  may  further  ! 
state  that  a  iiersonal  actjuaintance  with  many  of  the  most  distm-  \ 
^lished  foreign  authors  enables  me  to  assure  Mr.  Green  that  thej  | 
will  join  mo  in  hoj)ing  that  his  modesty  will  not  prevent  hii  \ 
brin^in^  forward  ox[>lanatory  proofs  of  views  so  extremely  novel  in  ; 
chanu;t(;r.  I 

KtH^ondly,  if  Mr.  Green  does  not  start  with  the  idea,  that  the  fiwt    '■■ 
of  rn(!kH  boing  conformable  to  other  what  he  calls  "undoubtedly 
iMHldfifl "  rocks  (l)}'  which  I  understand  sedimentary  strata),  is  a  proof    i 
of  Hirir  iMting  Ihcmsolves  sedimentary;  why  does  he  lay  such  stress 
on  tln'HO  jMiintH,  (p.  r^A),  and  elsewhere,)  or  why  does  he  require  the 
olalioniii!  Kt.'ctioM  ho  h:iH  bn)Ught  forward,  and  which  I  understood 
Mr.  S'Dti,  in   the  course  of  the  discussion,  not  only  disputed  the 
cfirr<M;lMnNH  of,  l)iit  ev<Mi  the  possibility  of  its  ever  having  been  gone     ■ 
over;  iifid  fiirlbur  to  state,  with  respect  to  Mr.  Green's  co-relating     ] 
thn  piirall(;liNiii,  of  what  I  maintain  are  only  planes  of  foliation,  with     ' 
tliosn  of  trim  strati n(!at ion,  that  the  nearest  point  where ''  undoubtedly     < 
iM'fMrd,**  1./'..  foKsilifrrous  rocks  occurred,  was  separated  by  no  less 
than  till'  fniirn  hnjadili  of  tiie  county  of  Tyrone,  and  most  probably 
had  not  Immmi  viHiliMl  by  Mr.  Green. 

Ah  on(!  liJird  fact  is  worth  a  bushel  of  hypotheses,  I  would  alflo 
rxplaifi  thai  the  sjiecimcn  of  volcanic  rock,  which  I  laid  on  the  table 
at  the  nH*(»ting  of  tho  (leologicjal  Society  when  the  pa]>er  here  re- 
forri'd  to  was  ntad,  was  neither  lava  nor  slag,  but,  on  the  contrary, 
was  as  thoroughly  crystalline  in  character  as  the  Donegal  rocks; 
thn  ]mnillel  structure  or  foliation  in  it,  being  developed  by  the 
arrangement  of  the  crystalline  components  themselves  "in  jtarallel 
layers  of  vari«)UH  thickness  and  dilTerent  mineral  composition,  grain, 
and  colour,"  to  use  Mr.  Green's  own  words,  notwithstanding  that  he 
omjiloys  them  (p.  6^)7)  as  "  jirm^fs  of  its  originally  bedded  nature." 
Furthermore,  it  may  be  added  that  this  rock  extends  over  a  vastly 
greater  distance  than  the  section  given  by  Mr.  Green  ;  and  that 
although  this  gentleman's  knowledge  of  volcanic  and  other  rocks 
may  be  so  i)rofound  as  to  authorize  him  stating,  "  I  cannot  imagine 
tliere  is  any  danger  of  confounding  }>edded  structure  on  a  large  scale 
with  the  lamination  of  such  specimens,"  it  may  be  interesting  to 
him  to  learn,  that  outlying  positions  of  this  very  rock  have  been 
mapped  by  two  emhient  French  geologists,  MM.  D'Orbigny  and 
Pissis,  as  beds  of  sandstones,  an  eri-or  which  can  only  be  attributed 
to  their  having  gone  over  the  country  in  a  very  hurried  manner, 
like  Mr.  Green. 

After  the  want  of  appreciation  experienced  by  Mr.  Green's  paper, 
it  would  be  rather  severe  to  criticize  the  jocose  style  of  his  con- 
Ai«;i;.ig  remarks ;  but  as  his  information  about  my  habits  is  evidently 
^    a  par  with  what  he  knew  of  the  previous  literature  of  liis 
T  would,  for  his  better  informatioii,  state,  that  tbo  only 
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talirnnans  I  believe  in  are :  hard  facts  acquired  in  the  field,  applica- 
tion of  the  collateral  sciences,  and  a  knowledge  of  what  others  have 
done  on  the  subject ;  but  that  I  do  not  believe  in  any  talisman  which 
will  enable  men  unacquainted  with  mineralogy  or  chemistry  to 
iMson  oorrectly  on  such  subjects  as  that  under  consideration,  or 
which  can  metamorphose  or  transmute  one  rock  into  another,  in 
defiance  of  all  chemical  or  physical  laws.  If  geologists  will  bring 
forward  strange  hypotheses,  it  is  at  least  their  duty  to  explain  clearly 
by  what  forces  these  are  brought  about,  and  not  attempt  to  conceal 
their  own  ignorance  by  referring  everything  to  metamorphic  action^ 
whatever  they  may  mean  by  such  an  expression. 


rV. — ^The  Age  of  Floating  Job  in  North  Walks.* 

By  D.  Mackintosh,  F.6.S. 

Sea-coast  Fringe  of  mixed  Local  and  Northern  "Drift, 

TTTTTHOUT  occupying  valuable  space  with  introductory  remarks, 
If  I  would  begin  with  a  description  and  attempted  explanation 
of  the  drifts  along  the  coast  of  Rhos  Bay,  or  what  is  now  generally 
tall*}.!  Colwyn  Bay.  Well-siiikin<j;s,  clay  and  gmvel  j)it.s,  and  coast 
Mn?:iaus,  very  clt-arly  reveal  a  quadripartite  arrangement  of  drifts 
^::liil^^^  t»'i  wliat  may  l»e  seen  in  Cumberland.  A  recent  well-Lorinjr 
■c  Old  Colwyn  went  through  l(;ose  gravel  9  feet ;  brown  elay,  33  feet ; 
•lud  \viis  st^Dpped  in  blue  cla}'.  In  Mr.  Pender's  brickfield,  west  of 
liie  Station,  the  pit-section  and  a  well-boring  Lave  revealed  red  brick 
cl-.y  nearly  20  feet:  sand  and  a  little  fine  gi^avel,  IG  feet;  boring 
'Jrill  stuck  fast  under  60  feet  of  blue  elay.  In  the  ballast-])it  closo 
tc  tbt;  Railway  Station,  30  or  40  feet  of  sand  and  gravel  lie  under  a 
tiiiu  covenng  of  red  clay,  the  former  (according  to  i\Ir.  Darbishire, 
though  this  I  overlooked)  ])eing  underlaid  by  brown  clay ;  and  tho 
i?aijd  rises  u])  from  beneath  the  red  clay-  at  a  spot  south  of  the  road 
b-tweeii  New  Colwyn  and  Mr.  Pender's  brickfield.  At  the  New 
CVlwyii  Bay  Tlotel,  on  the  coast,  a  chip  and  splinter  drift  overlies  or 
LTiiduates  into  the  red  l)rick  elay,  which  is  underlain  by  sand  and 
travel,  while  the  latter  rests  on  a  vellowish  brown  clay  (here  much 
'ji-^-jurcHl  by  artificial  talus),  from  beneath  which  the  blue  clay  crops 
•.'Dt  in  the  ]»cd  of  the  sea.  Between  the  new  hotel  and  Bhos  village 
the  clitT  section  shows  tho  upper  or  brick  clay  resting  on  sand,  be- 

^  Mr.  r>e  Rfince  must  have  road  ray  articles  on  the  Nortli  of  En^^'lund  drift,s  very 
carel'.  *>ty,  or  p.irtly  t"orti:otten  what  lie  read,  when  he  replied  to  me  in  his  la.st  artiele 
•rLOL.  Mag.  Sept.  1871),  for  the  nadcr  will  easily  perceive  that  1  have  not  slid,  or 
ii.t»  rilled  t'»  l>u  understood,  what  Mr.  De  iJantM-  there  attrihute^  to  me  concernini^  the 
d«  pth  of  watfT  in  which  the  blue  (.'lay  of  AV.  Vcirksihirc  was  prineiprdly  accumulated — 
thi  ]w .T-cent-Jire  of  tlie  larger  boulders  in  \\y\  Park,  Salford  — the  conditions  existinjj 
durin::  thr  Ghn-ial  period,  etc.  He  ha>  strangely,  thoii;j:h  I  believi-  unintentionally, 
ml-'tatt.-l  wli.it  I  said  on  the  latter  .subject  in  the  Gkoi,.  Mag.  for  July,  1871.  Ke- 
ftr'-neoi*  t'l  some  of  Mr.  De  Ranee's  arguments  will  be  found  incorporated  with  the 
prisiint  article, 

*  The  '^and  or  middle  drift  cveiT where,  but  especially  in  the  neighbourhood  of 
tills,  shows  a  tendency  to  raise  its  head  s\\{\(\vn\\  above  the  Upper  Bouider-c\a\,  so  aa 
to  appear  on  the  same  or  even  on  a  ncwvr  horizon. 
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neath  which  flie  yellowieh  brown  olay,  anderlain  by  the  bine,  tint  t^ 
from  under  the  sea.  At  one  point  theie  ia  a  very  curioos  dore- 
tailing  of  the  blue  into  the  brown  clay.  Some  diBtance  seawud 
from  BhoB  village,  the  blue  olay  makea  its  appearance  at  low  water. 
Beyond  BhoB  Tillage,  the  yellowish  brown  clay  becomes  very  oon- 
epicuouH,  and  resemblea  a  local  subdivision  of  the  Lower  BoD]der> 
day  which  may  be  traced  along  the  sea-coast  of  Cnmberland, 
Lancashire,  and  Cheshire.  It  is  lost  under  sand,  again  shows  iU 
fiice,  and  further  on,  beyond  Bhos  Point,  overlies  undulating  bonea 
of  the  blue  clay,  which  Uiere  appean  in  full  foice. 


..— Cout-iei^on  of  b  Put  of  New  Colwyn  Bay. 


racUr. 


1.  rppei  Rd  or  tuiitk  daj. 


PeetdiarilxM  of  (he  Blue  and  Brick  Ctay$. — ^The  dark  blue,  bluish- 
grey,  or  sometimes  bluish-green  clay,  is  pack-full  of  small  stones, 
an^  in  its  lower  part,  lai^r  stones  mixed  with  enormous  bonlden. 
It  may  have  been  principally  derived  from  the  grinding  down  of  the 
dark  Silurian  shale  or  slate  which  may  be  found  in  the  neigfaboor- 
hood.  The  smaller  stones  are  generally  flat  oblong  fragments  of 
dark  shale  or  slato.  Their  form  most  have  interfered  with  their 
becoming  rounded  by  rolling,  but  where  stones  of  a  different  nature 
are  found  in  the  same  clay  they  are  often  well  rounded.  They  are 
generally  scratched  on  both  sides  in  nearly  eveiy  direction,  but 
Fig.  2. — Both  ridei  of  ■■triat«dttone&am  thcColwjn  Bine  Clay. 


seldom  distinctly  grooved.  They  look  as  if  they  had  been  "bandied 
about "  while  entangled  in  coast-ice,  which  finally  left  them  imbedded 
in  the  clay.  The  large  boulders'  reach  an  average  diameter  of  seven 
or  eight  feet  near  Rhoa  Point,  and  consist  ohietty  of  limestone,  a 
gritty  rock  with  veins  of  oalcareouB  spar,  a  greenish  rock  graduatmg 
into  porphyry  greenstone  apparently  of  the  Welsh  type,  Silurian 
hard  shale  or  slate,  volcanic  breccia,  etc.  They  may  nearly  all  have 
oome  from  the  neighbourhood ;  but  as  I  dug  out  of  the  blue  clay 
two  pebbles  of  Eskdale  granite,  and  found  one  of  Crifiell  granite  on 
'  They  uldom  eihibit  mBrlu  of  much  flatteaing  throogh  fading,  thiMlgll  Mim  of 
IhoM  vtuch  coiuitt  of  IjpicBtone  are  ao  irr^nlarly  acTBtclMd  all  round,  Uut  ■  gentle- 
Ban  from  Cheater,  who  dUbeliered  in  a  OImuI  period,  ooDtended  that  a  pai^  of  boj* 
had  beat  duSguring  the  bonlden  in  play. 
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'is  ieidi  dose  by,  it  is  dear  that,  while  this  olay  was  in  course  of 
Md^  aocuinalated,  an  ice-laden  current  from  the  far  north  must  have 
■iDgled  with  the  local  currents  of  the  Glacial  sea.^  The  brick  clay, 
or  nppermost  drift,  is  usually  of  a  reddish  colour.  It  contains  very 
kw  laige  boulders,  but  a  considerable  number  of  small  rounded 
Ames,  which  consist  of  Lake  District  porphyry,  Eskdale  and  Criffell 
gmiite,  Silmian  light-coloured  grit  or  sandstone,  local  limestone, 
ditle,  etc.,  etc  The  stones  in  the  brick  clay  are  generally  more 
flattened  on  one  side,  deeply  and  uniformly  grooved,  and  more 
polished  than  in  the  blue  clay,  so  that  if  any  member  of  the  Oolwyn 
drifts  is  to  be  exclusively  elevated  to  the  rank  of  a  Glacial  clay,  this 
brick  clay,  and  not  the  blue,  ought  to  have  the  preference ;  and  yet 
the  submarine  accumulation  of  this  clay  is,  I  believe,  admitted  by 
ill  geologists.' 

Btiwten  Conway  and  Bangor, — ^The  Boulder-clay  west  of  Conway 
leems  to  be  on  the  horizon  of  the  lower  brown  member  of  the 
northern  drift.  About  Penmaenmawr,  sand  and  gravel  may  here 
ind  there  be  seen  overlying  this  clay  which,  near  the  entrance  of 
the  tunnel,  attains  a  thickness  of  at  least  60  feet.  It  clings  to  the 
biie  of  the  steep  slope  of  Penmaenmawr  hill,  is  often  a  real  pinel, 
and  contains  northern  erratics  mixed  with  blocks  which  must  have 
Cdlen  into  it  from  above  when  the  ice-laden  sea  beat  furiously  against 
ths  flanks  of  the  Snowdonian  mountains.  The  Boulder-clay  thins 
out  upwards  under  a  talus  of  recent  screes  which  thins  out  down- 
wards. Between  the  west  end  of  the  tunnel  and  Llanfairfechan 
there  is  an  unusually  crowded  Boulder-scar,  which  contains  stones 
from  the  north,  including  both  Eskdalo  and  Criffell  granite.  At 
some  distance  from  the  sea,  above  Llanfairfechan  church,  a  brook 
bas  revealed  a  good  section  of  a  knoll,  consisting  (at  least  partly) 
of  pinel  which  is  a  facsimile  of  what  I  once  saw  near  Baycliflf, 
Morecambe  Bay.  One  of  the  numerous  included  boulders  reclined 
on  a  thin  bed  of  laminated  loam,  exactly  in  the  same  manner  as  1 
had  seen  near  Bayclifif.  A  great  thickness  of  gravel  and  sand,  ap- 
parently resting  on  Boulder-clay,  is  exposed  in  the  cutting  at  the  east 
entrance  of  the  tunnel  through  Bangor  hill.  At  the  entrance  to  the 
next  tunnel  on  the  west  side  of  Bangor  valley,  the  Lower  Boulder- 
clay  (of  which  only  patches  remain)  has  been  dovetailed  into  sand 
and  gravel.  Here  and  there  on  both  sides  of  the  valley,  above  the 
level  of  the  sand  and  gravel,  this  clay,  often  partaking  of  the  cha- 
racter of  pinel,  may  be  seen  filling  up  recesses.  Traces  of  a  blue 
clay  may  likewise  here  and  there  be  discovered.  The  obliquely 
laminated  and  contorted  sand  and  gravel  near  the  Station  (and  which 
is  only  a  part  of  an  extensive  terraced  deposit,  running  southwards 

*  I  fear  that  Miss  Eyton,  who  has  made  some  important  contributions  to  Post- 
tertiarv  geology,  has  been  misinformed  about  the  existence  of  blue  clay  around  Crewe. 
I  could  see  or  hear  nothing  of  it,  though  I  found  that  some  j)ersons  gave  the  name 
blue  clay  to  the  upper  red  brick  clay  with  greyish-tinged  fractures,  which  there 
orerlies  the  middle  sand  and  gravel. 

'  It  is  not,  however,  the  only  shell-bearing  clay,  for  shells  have  been  found  in  the 
lower  brown  clay  at  Llanduda^  by  Mr,  Darbuhiic,  and  by  others  in  tViQ  a&me  (^\a.'^ 
in  iMncasbire  and  Cheshire. 
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for  a  considerable  distance),^  reminded  me  very  much  of  the  sectioii 
I  had  seen  near  Lorton,  Cumberland.  In  a  pit  to  the  north  of  ^ 
Station,  the  sand  is  convoluted  similarly  to  what  may  be  seen 
near  the  Coniston  Copper  Works.  Near  Upper  Bangor  I  fomid  % 
small  boulder  of  Eskdale  granite  which  had  come  out  of  clay  in  the 
neighbourhood ;  and  I  afterwards  met  with  two  boulders  of  flie  same 
kind  of  granite  on  the  ridge  about  a  mile  south  of  Bangor  New  ChordL 

Around  Beaumaris, — ^North  of  Beaumaris  the  sea  has  encroached 
on  a  gradually-swelling  knoll,  and  exposed  a  section,  about  40  feet 
thick,  of  upper  red  day  with  scarcely  any  boulders,  but  a  considerable 
number  of  small  stones,  and  a  few  sand  seams.  It  rests  on  a  brown 
Boulder-clay  (precisely  resembling  what  may  be  seen  on  the  ooast  near 
Workington),  which  is  much  harder,  and  contains  many  more  stones^ 
the  lower  part  being  full  of  large  boulders  consisting  principally  of 
limestone  from  the  adjoining  area  to  the  north.  Among  the  stones  in 
general  may  be  found  porphyry,  felstone,  quartz,  Cambrian  conglo- 
merate, foliated  Cambrian  rocks,  different  kinds  of  granite,  etc. 
Specimens  of  Eskdale  granite  may  be  seen  lying  on  the  beach,  and 
I  picked  two  out  of  the  lower  or  brown  clay.  Many  of  the  boulders 
are  much  glaciated,  and  those  of  them  which  exhibit  a  flattened  side 
with  parallel  grooves  are  generally  cross-striated  in  addition,  while 
the  majority  of  the  stones  are  striated  in  various  directions  and  often 
all  round.  The  occurrence  of  northern  drift  stones  (besides  granite, 
many  of  the  felstones  and  porphyries,  are  probably  from  Camber- 
land)  in  this  clay,  viewed  in  connexion  with  their  presence  along 
the  coast  of  Caernarvonshire,  and  their  distribution  in  a  S.S.W.  direc- 
tion to  a  great  distance,  clearly  points  to  a  branch  of  the  great 
northern  drift  current  which  thickly  strewed  the  plains  of  Lanca- 
shire, Cheshire,  and  Shropshire  with  Scotch  and  Cumberland  erratics. 
This  current  may  possibly  have  split  on  the  N.  end  of  the  Snow- 
donian  range  of  mountains,  so  as  to  direct  the  main  course  of  the 
floating  ice  to  the  S.E.,'  and  a  small  part  of  it  to  the  S.S.W. ;  so  that 
Professor  Ramsay,  many  years  ago,  was  right  in  believing  that 
Anglesey  was  once  subjected  to  the  action  of  icebergs  from  about 
the  N.N.E.  point  of  the  compass. 

Bodies  Moutonnies  formed  by  Floating  Ice. — On  the  elevated  ground 
about  half  a  mile  S. W.  of  Bangor  New  Church,  I  found  striee  pointing 
N.N.E.  On  the  other  side  of  the  Menai  Strait,  less  than  a  nule  fnwi 
the  tubular  bridge,  the  eminence  on  which  the  Monument  stands, 
presents  a  fine  example  of  a  roche  mouiannSe  rounded  and  smoothed 
on  all  sides  except  the  S.W.,  which  is  precipitous  and  jagged. 
Though  no  strisd  are  visible,  the  parallel  undulations  point  to  about 
the  N.E.  as  the  direction  from  which  the  iceberg  or  icebergs  came — 

'  >  A  great  part  of  the  Anglesey  side  of  the  Menai  Strait  is  coTerad  with  stratified 
■and  and  j^ravel.  A  fine  section  may  be  seen  in  a  large  pit  about  half  way  between 
Henai  Bridge  and  the  Monument. 

*  I  have  seen  no  granite  on  the  northern  slopes  of  the  Snowdonian  hills,  or  in  the 

Tale  of  Conway  about  Trefriw  and  Llanrwst,  but  further  eastwards  it  would  appear 

to  haTO  been  fioated  some  distance  into  the  interior  of  the  country.    I  have  a  bit  of 

Kikdale  granite  which  Dr.  Williams,  of  Wrexham,  found  in  a  heap  of  mixed  bone 

madgtone  d^m  which  had  been  dug  out  of  Gefn  Cave,  ueax  Si.  Asa^K 
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bdr  Bonicefl  being  probably  the  higher  TallejB  of  the  Lake  Biatrict 
It  a  time  when  uie  N.W.  of  England  and  Wales  was  deeply  Bub- 
iDRged.  The  greater  part  of  the  drifts,  as  may  be  inferred  from  the 
height  above  the  present  sea  of  the  souroes  of  their  stony  contents, 
mnat  have  been  acoumnlated  under  water  too  shallow  to  float  large 
ioebe^s.  Coast-ice,  by  freezing  round  and  uprooting  stones,  debris, 
day  and  sand,  and  likewise  by  receiving  loads  of  detritus  from  cliffs 
•nd  slopes,  must  be  capable  of  removing  mach  more  drift-inatt«r 
than  those  icelrargs  which  are  the  brokea-off  ends  of  hi^h  level 
glaciers  ;  but  while  icebergs  alone  could  have  been  sufficiently 
powerful  to  Tiniformly  grind  down  and  mammilate  large  rooky  pro- 
jections, the  comparative  paucity  of  foreign  drift  [it  is  not  altogether 
■bscnt]  around  these  mammilated  rocks  in  Anglesey  may  thus  be 
euily  explained,  ^ere  is  no  difficulty  in  accounting  for  the  pre- 
servation of  the  mammilated  form  during  the  rise  of  the  land  through 
die  upper  part  of  the  tidal  range,  for  these  rock-surfaces  may  have 
THuained  covered  with  drift  until  just  before  their  final  emei^nce, 
ta  th^  may  never  have  been  covered,  and  yet  they  may  have  risen 
above  the  sea  with  their  general  form  uaefiaced,  for  we  kuow  that 
at  &€  present  day  ^ociated  rocks  stretching  from  above  to  beuealli 
the  sea  on  the  coasts  of  Ireland,  Scotland,  and  Norway,  have  resisted 
the  action  of  the  waves  for  yeiirs  ;  and  I  am  iamiliEir  with  what  somo 
years  ago  woe  a  highly  polished  limestone  surface  on  the  W.  coaist 
of  Morecambe  Bay,  and  wbidi,  notwithstanding  its  subjection  to  tlie 
action  of  waves  wielding  pebbles,  is  still  so  smooth  tliat  aire  is  docc-s- 
iary  in  attempting  to  walk  over  it,  while  some  of  tlie  striic  can  stilt 
be  dimly  discovered.  A  short  distance  E.  of  the  Moniuncnt  there  is 
a  well-preserved  rothe  imiUoavSe,  which  has  been  glnciated  iip-!iill 
&om  about  the  N.E.  The  largo  shallow  grooves  may  still  be  detected 
under  favourable  light  and  shade,  and  the  much  larger  jiarallcl 
undulations  are  very  well  defined  (se    "' 


Xorlhem  Drift  on  Mofl-y-Tryfan. — On  the  celebrated  Mocl-y- 
Tryfan,  five  miles  8.E,  of  Caomarvon,'  mixed  local  ami  northern 
drift  may  bo  found.  In  the  35  feet  of  irregiilarly-stnitified  gravel 
and  bond  which  rises  from  the  floor  of  the  highest  excavation  of  the 
Alexandra  slate  quarry  to  within  a  few  yards  of  Iho  rock-crestcil 
summit  of  the  hill,  there  are  some  large  felspathic  and  jiorphyritic 

'  Not  the  tlupondotu  brctk-ncGlc  vcdge  of  fclBtone,  called  Y  Tryf&n,  at  t^e  \itn& 
flf  Suit  FraiiGOD,  from  going  to  wbicb,  ia  jeareb  of  sca-flbell»,  I  lal«lj  pte^coWA  an 
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Irouldera  {chiefly  at  the  bottom  of  the  section),  and  many  pebbles  in 
the  gravel,  which  may  have  been  worked  up  from  their  parent  rooks 
on  the  N.W.  side  of  the  hill  by  waves  and  ooast-ice  as  tne  land  was 
sinking  ;  but  a  lai^  percentage  of  the  pebblea  certainly,  and  some 
of  the  large  houlders  probably,  were  derived  from  the  far  N.  The 
stones  in  general  are  subangular,  and  oonaist  of  felstone  deeply 
weathered  white,  from  the  N.W.  aide  of  the  hill ;  porphyry  partly 
from  the  N.W.  aide  of  the  hill,  and  partly,  I  believe,  from  Cumber- 
land ;  local  slate ;  several  kinds  of  granite  from  Cumberland  and 
Scotland ;  felspatbic  breccia  and  ashes  from  a  greater  or  less  distance ; 
quartz  and  a  rock  resembling  gneiss  from  the  N.W.  side  of  the 
hill  (?)  ;  etc.,  etc.  Among  the  granites  there  are  many  pebbles  and 
some  good-sized  stones  of  very  decided  Eskdale  and  Criffell  granite. 
The  latter  (which  must  have  travelled  no  less  a  distance  than  130 
miles!)  is  generally  of  the  same  kind  as  the  principal  variety 
found  in  tbe  drifts  of  Cumberland,  Lancashire,  and  Cheshire,  and  is 
a  perfect  facsimile  of  granite  now  quarried  by  the  Uessrs.  Newall 
at  Craig  Nair,  near  Dalbeattie.'  The  Eskdale  granite  embraces 
several  varieties  with  which  I  was  familiar  on  the  E.,  W.,  and  N. 
sides  of  Eskdale,  and  between  the  latter  and  Wastwater  foot ;  it  is 
likewise  of  the  same  kinds  as  those  found  in  the  Lancashire  and 
Cheshire  drifts.  These  granites  must  liave  been  carried  to  near  the 
top  of  Moel-y-Tryfan  by  rafts  of  coast-ice  when  the  land  was  too 
deeply  submerged  to  permit  any  granite  falling  on  the  surface 
of  glaciers  terminating  in  icebergs.  Indeed,  there  is  some  difGculty 
in  seeing  how  even  coast-ice  could  have  picked  up  granite  from  the 
Eskdale  fella  at  a  height  of  nearly  1400  feet  above  the  present  sea- 
level.  The  difficulty  might  be  obviated  by  taking  into  consideration 
the  progresaively-upward  action  of  sea- waves  and  ooast-ioe  on 
Moel-y-Tryfan,  were  it  not  that  I  failed  to  see  any  granite  pebbles 
on  the  hill-elopes  at  a  lower  level,  though  such  may  possibly  exist.* 


The  N.W.  side  of  Moel-y-Tryfan  is  covered  with  drift  varying 

from  loamy  sand  to  bard  pinel,  being  often  a  mass  of  subangnlar  or 

I  The  Shapfell  and  Dalbeattie  Compin}'  are  quBming  granite  near  Dalbeattieof  a 

KntHnrbat  different  kind  with  a  tendencj  to  run  into  groups  of  obloDg  CTjstali 

*f  ftbpu  of  ■  more  or  leu  browniah  hue, 

»  Mr.  Trimmer,  in  big  Gooiogj'  (1841),  mention«  the  eiistence  of  granitic  detritiu 
^}  «wfat  point!  between  the  Menu  Strait  and  Snowdon,  but  he  only  spwsifiea  Moel-T- 
^^^B,  Mad  taji  BOttuag,  to  &r  u  I  can  Temeaiber,  about  the  character  of  tae 


D.  Mackintosh — Age  of  Floating  Ice.  21 

ingalar  stones,  mainly  felspathia  On  the  way  to  Caernarvon  there 
ire  thousands  of  li^ge  boulders,  chiefly  porphyry  and  felstone. 
Between  Caemanron  and  Bangor  the  lower  brown  Boulder-clay,  in 
places  passing  into  pinel,  may  be  seen  in  the  railway  cuttings,  and 
a  little  bine  clay  under  the  brown  may  be  detected  near  Port 
Dinorwio. 

/Wnn  Bangor  to  MarcJdyn-mator. — Between  these  two  places  the 
drift  is  chiefly  the  lower  brown  Boulder-clay,  with  an  occasional 
greyish  tinge  towards  the  surface.  It  varies  from  a  loose  stony  and 
gravelly  day  to  hard  pinel,  its  general  character,  however,  being 
nearly  the  same  as  that  of  the  lower  brown  clay  of  the  coasts 
of  Anglesey,  Cumberland,  Lancashire,  and  Cheshire.  It  is  generally 
lull  of  stones  and  boulders,  consisting  of  directly  or  indirectly  local 
porphyry,  grit,  etc.  Tlie  boulders,  though  often  much  rounded  at 
the  lower  levels,  are,  in  most  places,  seldom  well  glaciated.  In  the 
vaEey  near  Pentir,  and  elsewhere,  this  day  is  overlain  by  mounds 
and  plateaux  of  stratified  sand  and  gravel  (excepting  where  the 
latter  rest  on  rock),  which  were  probably  in  part  washed  out  of  the 
day  during  the  rise  of  the  land,^  for  though  a  great  thickness  of  sedi- 
ment can  of  course  only  be  amassed  on  a  subsiding  sea-bottom,  yet 
such  comparatively  thin,  and  often  sandbank-like,  deposits  as  those 
under  notice  would  be  more  likely  to  be  accumulated  during  emer- 
gence. Away  from  the  coasts  of  N.W.  Wales  I  have  nowhere  seen 
sand  and  gravel  regularly  and  persistently  interpolated  between  a 
lower  and  upper  Boulder-clay,  but  in  the  area  under  consideration 
an  upper  red  or  foxy-coloured  loam  or  clay  may  often  be  seen  resting 
on  the  brown  Boulder-clay.  This  may  be  observed  at  the  Turbary 
W.  of  the  Penrhyn  slate  quarries,  where  the  lower  clay  attains  a 
great  thickness.  From  the  Turbary  the  two  drifts  slope  smoothly 
upwards  to  the  small  lake  called  Marchlyn-mawr,  2000  feet  above 
the  sea-level.  As  Professor  Ramsay  has  suggested,  the  lake-basin 
was  probably  ground  out  by  a  glacier ;  for — though  at  first  it  may 
seem  unlikely  that  a  glacier  which,  on  ascending,  smooths  a  pro- 
jecting boss  of  rock,  leaving  its  lee-side  jagged,  should  exciivate 
a  rock-basin  at  the  bottom  of  a  previously-existing  cwm — it  must  be 
taken  into  consideration  that  in  a  cwm  a  short  glacier  would  press 
"  downwards  and  outwards,"  that  the  constant  melting  of  its  foro 
part  by  the  sea  would  leave  the  entrance  to  the  cwm  compai-atively 
or  entirely  beyond  the  reach  of  the  grinding  ico,  and  that  the 
entrance  in  consequence  would  remain  as  a  barrier  to  the  lake.  The 
basin  of  Marchlyn-mawr  (like  several  other  lake-basins  in  North 
Wales)  appears  to  me  as  if  it  had  been  formed  while  the  land  was 
sinking,  and  as  if  it  had  been  partly  filled  with  marine  drift,  and 
occupied  (after  the  rise  of  the  land)  by  a  second  small  glacier,  which 
ploughed  out  the  greater  part  of  the  drift  and  left  the  striking 
moraine  of  angular  loose  blocks  which  rests  on  and  conceals  the 
inner  termination  of  the  marine  drift  immediately  in  front  of  the 

*  According  to  Professor  Rainsnj,  the  shell-bearing  sand  and  j^ravcl  of  "NoiW 
Wales  wa»  hrraDged  while  emerging,  or  during  terrestrial  oscillatiotia  ol  \e\d  (^Old 
ffUc$^t  of^^ortA  ^a/ea,  p,  93), 
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lake.  On  the  outer  side  the  moraine  rises  about  20  feet  above 
the  drift  plateau.  On  the  inner  side  the  top  of  the  moraine  10 
perhaps  40  feet  above  the  level  of  the  lake.^ 

Fio.  6. — Section  of  llafohlyn-mAwr^ 


Fr<ym  Betheada  to  the  higheit  Marine  Drifla, — About  Bethesda,  and 
in  Naiit  Francon,  decided  pinel  may  occasionally  be  seen ;  but  the 
visible  drift  (probably  underlain  by  pinel  or  brown  day,  especially 
at  the  lower  levels)  in  the  areas  traversed  by  the  Llafar,  Caseg,  and 
Berthan,  varies  from  a  clayey  loam,  or  rather  loose  foxy-coloured 
loam,  more  or  less  charged  with  stones  and  boulders,  to  a  rubbly  or 
gravelly  loam,  often  so  pack-full  of  stones  as  to  assume  their  eolour 
when  viewed  from  ft  distance.  The  stones  are  angular,  subongular, 
and  occasionally  rounded.  Tliey  are  either  directly  or  indirectly 
local,  though  many  of  them  must  have  been  floated  to  their  present 
])08itions  irrespectively  of  the  drainage  of  the  country.  Compara- 
tively few  of  the  stones  are  distinctly  glaciated.  The  drift  and  its 
stony  contents  presents  the  appearance  of  a  heterogeneous  accumula- 
tion, resulting  from  the  action  of  sea-waves  washing  down  stones 
and  finer  detritus  from  hill-slopes  unfavourable  to  the  exercise  of 
littoral  attrition,  to  lower  levels,  combined  with  the  dispersive 
action  of  stone-freighted  coast-  or  pack-ice.  To  these  agenoies  wo 
must  add  the  distribution  by  the  sea  and  floating  ice  of  precipitated 
moraine  debris.  Indeed,  in  many  places,  as  Professor  Bconsay  has 
shown,  the  drift  is  chiefly  spread  out  moraine-matter,  and  might  be 
calleil  morainic  marine  drift  The  existence  of  the  drift  on  slopes, 
ridges,  and  watersheds,  proves  that  it  could  not  have  been  spread  out 
by  rains  or  small  mountain  streams ;  while  the  fact  of  its  stretching 
up  with  smooth  and  flat  outline  to  the  higher  ends  of  valleys  shows 
that  its  distribution  could  not  have  residted  from  mere  sub-aerial 
glacial  action.  Moreover,  the  discovery  of  sea-shells  in  what  must 
be  regarded  as  a  downward  extension  of  this  drift  by  Mr.  Trimmer, 
and  in  similar  drift  near  the  Turbary  by  the  late  Mr.  Griffith  Ellis, 
completes  the  evidence  in  favour  of  its  accumulation  under  the  sea. 

^  Professor  BamsaT  beliovce  that  this  and  a  number  of  other  lake-basins  in  North 
Wales  were  formed  oy  glaciers  which  terminated  in  the  sea  as  the  land  was  rising, 
that  they  k6pt  the  marine  drift  out  of  the  basins  until  they  rose  abore  the  sea-lcTel, 
and  that  the  elaciers  finally  melting  the  basins  were  occupied  by  fresh  water.  But 
it  may  be  asked.  Did  the  cwms  at  the  bottoms  of  which  the  lake-basins  were 
excavated  contain  elaciers  before  the  sea  (through  the  movement  of  the  land)  had 
risen  d;>  to  their  ieje\§  ?  or  were  they  only  occupied  by  glaciers  after  the  sea  had 
eireM^ea  down  to  their  leveU  ? 
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b  tbe  Gwm  Llafar  and  adjacent  areas,  this  drift  may  be  traoed 
pwards,  as  Professor  Bamsay  has  shown,  to  2300  feet  above  the 
%  and  I  believe  to  a  greater  height  in  Cwm  Llafar  there  are 
irraoes  ''  the  result  of  marine  denudation  during  pauses  in  the  re- 
evation  of  the  comitry"  (Bamsay).  These  terraces,  so  far  as  I 
old  see,  are  similar  to  thousands  of  platforms  and  scarps  which 
versify  hill-slopes  in  various  parts  of  England.  Thev  are  not  so 
;alar,  horizontal,  or  continuous,  as  those  terraces  wnioh  can  be 
iced  to  an  artificial  origin.  With  great  interest,  as  might  be 
pected,  I  gazed  on  the  long  narrow  channel,  evidently  ploughed 
t  by  a  glacier  in  the  drift,  as  Professor  Bamsay  has  shown.  In 
me  places  it  is  as  fresh-looking  as  if  it  had  been  excavated  within 
e  memory  of  man.  Here,  as  in  hundreds  of  other  spots  in  Wales 
d  the  Lake  District,  we  have  clear  proofs  that  since  the  Glacial 
nod  even  rapid  and  good-sized /reaAtoo/er  Btreams  hate  not  lowered 
%  level  of  the  vaUeys  they  traveree  more  than  a  few  feet 
Professor  Bamsay,  in  his  <'  Old  Glaciers  of  North  Wales;"  p.  101, 
B  drawn  attention  to  a  very  important  feict  Freshwater  streams 
onot  remove  (and  it  follows  that  they  cannot  deposit)  drift  consist- 
^  of  a  mixture  of  huge  boulders  with  finer  detritus.  They  wash 
pvf  tbe  finer  and  lighter  matter  and  leave  a  concentration  of 
(aiders  behind.  But,  it  may  be  remarked,  if  freshwater  could  not 
ve  accomplished  the  clearance  of  boulder  drift  so  strikingly  in- 
3ated  by  the  long  narrow  hollow  in  Cwm  Llafar,  how  could  it  have 
msported  the  blocks,  the  abstraction  of  which  has  left  the  magnifi- 
Qt  mural  cliff  at  the  head  of  the  cwm.  Freshwater  is  now  assisting 
Mt  and  gravitation  in  demolishing  this  cliff,  but  it  is  clearly  unable 
carry  away  the  talus  of  flsdlen  iragments. 

P.S. — Since  the  above  was  written,  I  have  discovered  a  number  of 
ry  large  boulders,  chiefly  Eskdale  granite,  at  a  height  of  very 
oiiy  1000  feet  above  the  sea,  on  Baw  Head,  one  of  the  Peckforton 
ills,  which  rise  suddenly  out  of  the  plain  of  Cheshire.  I  have  also 
md  calcareous  incrustations  on  a  stone  from  tlie  Colwyn  Upper 
ay,  and  on  numerous  stones  from  the  Upper  Clay  of  Cheshire, 
ley  look  like  the  remains  of  SerptUa,  [Specimens  sent  by  Mr. 
ickintosh  to  the  Editor  for  inspection  were  certainly  not  of  organic 
[gin,  but  calcareous  incrustations  only,  deposited  by  water  charged 
th  carbonate  of  lime. — ^Edit.  Gkol.  Mao.  j 

Y. — On  Changes  of  Climate  dubikq  the  Glacial  Epoch* 

By  James  Geikib,  F.R.S.E., 
District  Suryeyor  of  the  Geological  Survey  of  Scotland. 

Second  Paper. 

N  the  Maoazike  for  December  ^  I  gave  a  brief  outline  of  certain 
phenomena  connected  with  the  Scottish  Till,  the  chief  aim  of 
f  paper  b^ing  to  insist  that  beds  of  day,  sand,  and  gravel  frequently 
Bur  in  that  deposit,  and  that  we  can  no  longer  consider  diese  as 
her  insigni£caQ^  or  accidental    I  also  showed  that  wluVe  somib  qI 

'  pp.  S45-653. 
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the  beds  referred  to  are  of  marine  origin,  many  have  been  deposM 
in  fresh  water.     I  believe  my  brother  was  the  first  to  reoognue  die 
significanoe  of  these  beds,  althoagh  the  fact  of  their  ooconeiUM 
in  the  Till  was  previously  well  known.     He  showed  that  the  ao- 
cumulation  of  the  Till  must  sometimes  have  been  interrupted  and 
certain  valleys  cleared  of  ioe  ''  up  to  a  height  of  at  least  8(K)  or  900 
feet  above  the  present  level  of  the  sea."     Since  the  publication  of  his  '« 
paper  on  the  Scottish  Drift,^  inter-Glacial  beds  have  been  met  with 
in  almost  every  peat  of  the  country ;  and  from  the  fact  that  they 
occur  not  only  in  the  Till  of  the  Lowlands  but  also  in  that  of 
the  deep  and  narrow  valleys  of  the  Southern  Uplands,   we  are 
warranted    in    concluding    that  the   warmth  of  the  inter-Glaoial 
periods  was  sometimes  such  as  to  molt  off  the  ioe  entirely  from 
the  Lowlands ;  for  at  a  time  when  streams  were  flowing  in  the 
deep  green  valleys  of  the  Peeblesshire  hills,  it  is  utterly  impos- 
sible that  glacier  ice  could  have  rested  upon  any  portion  of  the 
great  Central  Valley.     If  glaciers  continued  to  exist  in  Scotland 
throughout  each  inter-Glacial  period,  they  could  only  have  done 
so  in  the  retired  glens  of  the  Highlands  and  some  of  the  high 
valleys  among  the  mountains  of  Galloway. 

The  disappearance  of  a  mer  de  glace,  which  in  the  Lowlands  of 
Scotland  was  probably  over  2000  feet  in  thickness,  could  only  have 
been  effected  by  a  very  considerable  change  of  climate.  Nor  does 
it  seem  at  all  unreasonable  to  suppose  that  the  comparatively  mild 
and  genial  periods,  of  which  some  of  the  inter-Glacial  beds  are 
memorials,  may  actually  have  endured  for  as  long  a  time  as  those 
arctic  or  glacial  conditions  which  preceded  and  followed  them. 

We  shall  probably  never  learn  how  many  great  changes  of  climate 
took  ])laco  during  the  accumulation  of  the  Till  and  its  associated 
deposits.  This  arises  from  the  fact,  already  adverted  to,  that  during 
every  period  of  intensest  cold,  when  the  country  was  covered  with  a 
more  or  less  thick  sheet  of  snow  and  ice,  the  loose  materials  which 
in  the  preceding  age  had  gathered  in  river  valleys  and  in  lakes  would 
almost  inevitably  be  subjected  to  excessive  denudation.  That  the 
records  of  mild  inter-Glacial  periods  should  be  at  the  best  but  frag- 
mentary is  no  more  than  one  might  have  expected.  The  wonder  is 
not  that  they  should  be  so  interrupted,  but  that  any  portion  what- 
ever has  been  spared.  And  yet  in  sheltered  hollows  we  find  some- 
times two,  sometimes  three,  and  even  four  beds  of  Till  sepcurated  by 
intervenuig  deposits  of  gravel,  sand,  and  silt  We  cannot  assume, 
however,  that  only  four  cold  periods  and  three  intervening  ages  of 
milder  conditions  were  comprised  within  the  first  stage  of  the  great 
Glacial  epocli.  For  aught  that  we  know  there  may  have  been  many 
revolutions  of  climate.  But  however  that  may  have  been,  no  one  who 
shall  give  the  matter  some  thought  will  doubt  that  the  lapse  of  time 
represented  by  the  Scottish  Till  and  its  intercalated  beds  must  have 
greatly  exceeded  that  required  for  the  deposition  of  the  subsequent 
marine  and  later  glacial  drifts.  We  have  a  difficulty  -in  conceiving 
of  the  length  of  time  implied  in  the  gradual  increase  of  that  cold 

'  Trana.  Glasgow  GeoL  Soo.  toV.  i.  ^axt  ii. 
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^h  eyentoally  buried  the  whole  country  underneath  a  mass  of  ioe 
)  2000  feet  in  thickness.  Nor  can  we  have  any  proper  conception 
)w  long  a  time  was  needed  to  bring  about  that  other  change  of 
ite  under  the  influence  of  which  slowly  and  imperceptibly  this 
mse  sheet  of  frost  melted  away  from  the  Lowlands  and  retired 
e  mountain  recesses.  We  must  allow  that  long  ages  elapsed 
e  the  warmth  became  such  as  to  induce  plants  and  animals  to 
Q  and  people  the  land.     How  vast  a  time,  also,  must  have  passed 

ere  the  warmth  reached  its  climax,  and  the  temperature  again 
1  to  cool  down.     How  slowly,  step  by  step,  the  ioe  must  have 

out  from  the  mountain  fastnesses,  chilling  the  air,  and  forcing 
k  and  flora  to  retire  before  it ;  and  what  a  long  succession  of 

must  have  come  and  gone  before  the  ice-sheet  once  more 
ped  up  the  hills,  obliterated  the  valleys,  and,  streaming  out 
the  shore,  usurped  the  bed  of  the  shallow  seas  that  flowed 
id  our  island.  Finally,  when  we  consider  that  such  a  succes- 
of  changes  happened  not  once  only  but  again  and  again,  we 
)t  fail  to  have  some  faint  appreciation  of  the  lapse  of  time  re- 
d  for  the  accumulation  of  the  Till  and  the  inter-Glacial  deposits, 
le  deposition  of  the  Till  was  succeeded  by  a  movement  of  de- 
ion,  during  which  the  overlying  series  of  gravel,  sand,  and 
-clays  was  thrown  down.  These  beds  have  been  so  often 
ibed,  and  their  general  appearance  is  so  weU  known,  that  any 
int  of  them  here  would  be  quite  unnecessary.  It  need  only  be 
rked  that  the  sand  and  gravel  beds  appear  for  the  most  part  to  be 
ed  from  the  wreck  of  the  Till  and  also  from  that  of  the  terminal 
ines  tliat  marked  the  gradual  retreat  of  the  ice-sheet.  But  of 
uore  anon.  The  marine  drifts  invariably  recline  either  upon  a 
Y  eroded  surface  of  Till  or  upon  bare  rock.  In  places  where 
^ame-series  is  wanting  the  Till  has  usually  a  much  less  eroded 
irance. 

lave  elsewhere*  pointed  out  the  remarkable  distribution  of  the 
es  in  Scotland,  and  8ho^vn  that  none  of  these  peculiar  mounds 
•  in  valleys  which  at  the  period  of  greatest  submergence  would 
ne  deep  quiet  fiords.  In  such  places  the  Till  forms  broad  flat 
ces,  whose  slope  coincides  with  the  general  inclination  of  the 
ys.  But  this  deposit  has  either  vanished  or  appears  only  in 
;re  patches  in  valleys  which,  during  the  period  of  submergence, 

have  existed  as  sounds  or  straits  connecting  opener  spaces  of 

It  is  precisely  in  such  valleys,  however,  where  we  meet  with 
Qost  typical  assemblages  of  Kames.  I  have  inferred  from  these 
that  the  last-mentioned  valleys  were  swept  by  currents  which 
ded  the  Till,  and  heaped  up  banks  of  sand  and  gravel ;  while 
le  quiet  **  fiord  valleys"  no  currents  moved,  and  consequently 
?ill  was  left  undisturbed,  and  no  Kames  were  formed. 
1  occasional  boulder  found  in  the  heart  of  a  Kame  shows  that 
ig  the  accumulation  of  the  Karaes  ice  must  have  been  floating 
t.  But  I  have  often  remarked  that  wliile  such  included  boulders 
>f  somewhat  rare  occurrence,  numbers  of  erratics,  some  oi  cou- 
'  Trans.  Glasgow  GeoL  Soc.  vol  iii.  part  i.  p.  54. 
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fiiderable  size,  are  not  infreqnentl j  found  perched  upon  the  tops  or 
scattered  over  the  slopes  of  the  Eames.  By  far  the  greater  nnmber 
of  Eames  which  I  have  examined  contain  no  erratics  whatever, 
and  those  which  do  show  an  occasional  boulder  may  be  of  later 
date  than  the  others.  My  colleagues'  experience  is  similar  to  my 
own ;  and  as  we  have  now  mapped  and  examined  by  far  the  laigeit 
areas  of  Eames  that  exist  in  Scotland,  it  may,  perhaps,  be  assmne^ 
with  some  degree  of  certainty,  that  the  occurrence  of  ''included** 
boulders  is  the  exception.  From  this  and  certain  other  appearances^ 
it  seems  reasonable  to  infer  that  the  accumulation  of  the  JSjbsdb- 
series  began,  at  all  events,  at  a  time  when  but  little  ice,  if  any,  was 
floating  about  in  the  sea.  But  the  quantities  of  erratics  that  cumber 
the  surface  of  the  Eames  both  in  Scotland  and  other  northern  oomi- 
tries  appear  to  show  that  after  a  large  proportion  of  the  Eames  and 
cones  of  sand  and  gravel  hod  been  heaped  up,  bergs  and  rafti 
of  ice  dotted  the  su^ace  of  the  sea  and  strewed  their  burdens  of 
angular  debris  and  bouldors  over  the  sea-bottom. 

It  has  sometimes  been  argued  that  the  disappearance  of  the  ioe- 
sheet,  underneath  which  the  Till  accumulated,  was  caused  by  the 
coming  in  of  the  soa,  consequent  upon  a  subsidence  of  the  land. 
But  if  this  had  been  the  case,  the  Eame-series  must  have  been  formed 
at  a  time  when  floating-ice  was  plentifully  present :  and  the  gravel 
ridges  ought  therefore  to  be  as  well  stocked  inside  as  outside  with  a 
supply  of  erratics.  From  the  fact  that  they  are  not  so,  I  would  infer 
that  previous  to  the  commencement  of  the  period  of  submergence 
the  land-ice  had  already  vanished  from  the  low  grounds,  and  that, 
consequently,  during  the  early  stages  of  subsidence,  and  even  down 
to  a  time  when  the  sea  had  increased  to  a  considerable  depth  over 
the  land,  no  glaciers  reached  the  coast-line. 

We  have  no  certain  record  of  what  transpired  in  the  interval  that 
elapsed  between  the  deposition  of  the  last  patch  of  Till  and  the 
heaping-up  of  the  earliest  mounds  of  sand  and  graveL  The  gradual  re- 
tirement of  the  last  ice-sheet  must  have  cumbered  first  the  sea-bottom, 
and  then  by-and-by  the  loud,  with  great  heaps  of  angular  blocks 
and  rubbish.  Long  before  the  ice  hod  entirely  vacated  the  bed 
of  the  shallow  seas  around  our  coast,  it  must  have  so  diminished  in 
thickness  as  to  have  ceased  to  be  confluent  over  a  large  part  of 
Scotland.  As  the  cold  decreased,  mountain  tops  and  rocky  ridges 
would  begin  to  stand  boldly  up  above  the  level  of  the  mer  de  glace 
and  separate  it  by  slow  degrees  into  a  series  of  local  glaciers.  One 
by  one  these  would  "  faint  and  fail,"  the  little  ones  of  course  being 
the  first  to  die  out.  But  by-and-by  even  the  larger  glaciers  would 
melt  back  from  the  sea  and  creep  up  their  valleys.  The  result 
of  this  recession  of  the  glaciers  would  be  to  cover  both  the  sea- 
bottom  and  the  land  with  stones  and  rubbish,  or  moraine  matter. 
And  seeing  that  the  Eames  seldom  or  never  contain  angular 
erratic  blocks  (although  these  occur  commonly  enough  perched  upon 
their  slopes),  it  seems  legitimate  to  infer  that  tlie  ice  had  in  large 
measure  melted  away  from  the  land  before  submergence  ensued, 
vid,  consequently,  that  there  is  no  necessary  conxiex\oTi\>Q\.'^^^'ii>i!ci^ 
(sappeamnoe  of  the  ice  and  the  incoming  oi  ^o  «&^ 


JameH  Geikie — On  Changes  of  Climate.  27 

When  the  land  began  to  sink  down,  the  terminal  moraines  left 
Mand  by  the  retreating  glaciers  would  be  tampered  with,  and 
(keir  materials,  well  winnowed  and  water-worn,  would  be  re- 
ffmoged,  so  that  little  or  no  traee  of  anything  like  moraines  would 
b  {neserved.  Here  and  there,  however,  we  find  thick  masses  of 
flosne,  nnstratified  moraine-like  matter,  wrapped  round  by  heaps 
of  marine  sand  and  gravel  in  such  a  way  as  to  show  that  the  latter 
irast  belong  to  a  later  date  than  the  former.  The  ooourrence  of 
tlwse  odd  masses  of  ooarse  moraine  debris,  surrounded  on  all  sides 
iiy  deporits  of  fine  gravel  and  beautifully  false-bedded  sand,  used  to 
be  a  great  puzde  to  me.  The  difficulty  was  got  over  at  first  by 
nppoeing  them  to  be  "  iceberg  droppings,"  but  when  several  years 
liid  bettered  my  aoquaintanoe  with  the  marine  drifts,  and  I  found  that 
boulders  almost  never  appeared  inside  the  Kames,  I  began  to  think 
that  my  explanation  of  the  moraine-like  rubbish  was  only  an 
"  explaining  away."  By-and-by,  however,  what  appears  to  be  the 
tne  solution  of  the  problem  dawned  upon  me.  I  am  now  persuaded 
that  this  ooarse,  imstratified  debris  with  angular  blocks  represents 
the  relics  of  the  huge  terminal  moraines  which  the  old  glaciers  must 
have  left  behind  them  on  their  retreat  to  the  mountains.  From 
tiie  exact  resemblance  of  this  rubbish  to  that  of  the  Swiss  moraines, 
there  is  no  reason  for  believing  it  to  have  been  formed  in  any  other 
way  than  these  have  been.  Tlie  probabilities  are  strong  that  the 
moraine-stufT  to  which  I  refer  accumulated  upon  a  land-suifaoe,  and 
not  upon  a  sea-bottom. 

After  the  subsidence  had  carried  down  the  land  to  some  con- 
siderable depth,  and  many  or  most  of  the  Eames  of  sand  and  gravel 
had  been  heaped  up,  the  glaciers  would  once  more  appear  to  have  en- 
tered the  sea,  and  bergs  and  coast-ice  to  have  formed  and  carried  away 
with  them  heaps  of  angular  rubbish  and  debris.  It  is  a  nice  question 
whether  this  entry  of  the  glaciers  was  caused  by  an  increase  of  cold, 
or  whether  it  might  not  have  been  induced  by  tho  subsidence  itself, 
which  gradually  brought  the  glaciers  within  reach  of  the  waves. 
Either  hypothesis  will  harmonize  with  the  facts.  All  we  know  for 
certain  is  that  at  a  late  time,  when  the  submergence  had  already 
reached  some  extent,  and  currents  had  piled  up  a  vast  series  of  sand 
and  gravel  ridges,  glaciers  reached  the  sea  and  slied  plentiful  crops 
of  bergs.  To  this  date  must  be  referred  the  solitary  erratics  which 
are  scattered  far  and  wide  over  hill  and  dale  in  the  Lowlands ;  and 
also  those  great  heaps  of  partially  water-arranged  moraine-stuff 
which  sprinkle  so  large  an  area  in  the  undulating  ground  about 
the  base  of  the  Galloway  Mountains  in  the  south  of  Scotland  and 
the  Grampians  in  the  north.  Local  glaciers  probably  existed  in  the 
Peeblesshire  hills  at  this  time,  but  none  of  them  appear  to  have 
reached  to  the  level  of  the  sea. 

Erelong  the  re-elevation  of  the  land  began.     Step  by  step  the 
country  rose  out  of  the  waves,  the  various  pauses  in  the  upward 
movement  being  marked   by  a  great  succession  of  terraces  and 
shelves  at  sU  heights  from  over  1000  feet  downwards.    T\ig  TLam^^ 
aad  moanda  appear  in  some  places  to  have  been  planed  off  ani  Vk'sai 
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materials  re-assorted.    Yet  a  vast  number  escaped  this  levelling  pro- 
cess to  puzzle  future  geologists  as  to  "  how  Ihey  managed  it."    To 
the  period  of  re-elevation  I  feel  inclined  to  refer  all  the  post-Gladal 
clays  with  Arctic  and  Boreal  shells.     I  do  not,  however,  mean  to  nj 
that  any  hard  and  fast  lino  can  be  drawn  between  these  deposits  and  lu 
Eames ;  nor  would  I  think  of  denying  the  possibility  of  sheU-bearing 
clays  having  been  deposited  during  subsidence.     Both  kinds  of  drift 
may  have  accumulated  on  different  parts  of  the  same  sea-bottom,  but  \ 
the  only  junction  of  the  two  I  ever  had  the  luck  to  detect  showed 
plainly  that  the  clays  abutted  against  the  sand  and  gravel,  and  eyen 
spread  over  the  truncated  or  flattened  tops  of  the  Eames.     I  never 
found  Eames  resting  upon  any  of  the  Arctic  shell-beds.     Not  that  I 
think  these  facts  taken  by  themselves  go  for  much.     It  might  be  said 
that  as  the  land  sank  down,  the  clays  would  naturally  come  to  lie 
upon  the  gravels,  the  deep-sea  deposits  overlapping  the  shallow- 
water  accumulations.     Yet  if  they  did  do  so,  it  is  certainly  singular 
that  they  have  never  been  detected  in  the  interior  of  the  country. 
Irregular  patches  of  laminated  clay  occur  here  and  there  in  hollows 
of  the  Till  at  considerable  heights  above  the  sea,  but  it  is  often 
doubtful  whether  they  are  of  marine  or  freshwater  origin.     None  of 
them,  at  all  events,  have  yielded  arctic  shells.    If  arctic  shelly  clays 
ever  occurred  in  as  thick  beds  in  the  inland  as  in  the  maritime  dis- 
tricts, surely  we  should  have  found  some  notable  trace  of  them.     It 
will  not  do  to  lay  the  blame  of  their  disappearance  on  that  geological 
scapegoat  denuddtion.     Denudation  has  not  run  off  with  the  Eames, 
why  should  it  have  been  less  considerate  with  the  clays?     The 
Eames  have  come  down  to  us  almost,  if  not  quite,  in  the  same  state 
as  the  sea-god  left  them;  but  if  shelly  clays  ever  existed  in  the 
interior  parts  of  the  country,  they  would  appear  to  have  vanished,  and 
left  not  a  wrack  behind.     If  it  was  in  Scotland  only  where  the  arctic 
shell-clays  were  confined  to  tlie  maritime  districts,  there  might  be 
some  excuse  for  dragging  in  denudation  to  account  for  their  absence 
at  the  higher  levels  reached  by  the  Eame  drift ;  but  in  Norway  and 
Labrador  and  Maine  the  shelly  clays  are  restricted  precisely  as  in 
Scotland  to  the  vicinity  of  the  sea-coast.     In  North  America,  sand 
and  gravel  drift  goes  up  to   great  heights,   but  the  shelly   clays 
reach  no   higher  than    600    or    600    feet    above   the  sea ;    and, 
what  is  still  more  to  the  puq)osc,  they  show  a  gradual  passage 
upwards  from  beds  containing  a  prevalence  of  Arctic  forms  to  beds 
in  which  the  organic  remains  are  the  same  as  those  in  the  neigh- 
bouring seas.     I  believe  our  arctic  shell-beds  will  yet  be  found  to 
do  the  same. 

In  attempting  to  accoimt  for  the  absence  of  arctic  shell-clays  at 
the  higher  levels  attained  by  the  marine  drift,  we  must  bear  in  mind 
that  the  Eames  and  shelly  clays  have  been  formed  under  very  dif- 
ferent conditions.  The  former  evidently  consist  of  the  re-arranged 
material  derived  from  the  waste  of  pre-existing  glacial  deposits, 
and,  as  far  as  that  goes,  might  have  been  accumulated  in  the  waters 
of  a  warm  ocean ;  the  latter  are  composed  of  fine  mud  washed  out 
direody  from  the  snouts  of  glaciers.    During  ^o  aocvmixxiaVioTi  q1  ^Sza 
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■s  it  is  doubtful  whether  there  were  any  glaciers  entering  the  sea; 
}  was  so,  the  supply  of  glacial  mud  would  be  stopped,  and  the 
)e  of  glacial  clays  from  the  interior  parts  of  the  country  may 
e  accounted  for.  It  is  true  that  much  mud  would  result  from 
3udation  of  the  Till ;  but  we  may  be  quite  sure  that  the  currents 
heaped  up  the  gravel  ridges  would  not  permit  the  fine  mud  to 
lown  save  at  great  distances  from  the  land.  The  deposition 
shelly  clays  took  place  at  a  time  when  glacial  mud  was  being 
.  into  every  quiet  fiord  on  our  coast ;  but  this  was  during  the 
of  re-elevation.  From  these  and  other  considerations,  which 
f  space  forbids  me  to  enter  upon,  I  think  it  is  most  probsjble 
16  shelly  clays  belong  as  a  whole  to  a  later  date  than  the 
,  and  were  deposited  under  colder  conditions  of  climate  than 
;t-mentioned  accumulations.  At  the  time  some  of  the  shell- 
ere  forming  glaciers  reached  the  sea  in  many  of  our  firths, 
tbergs  and  coast-ice  floated  about. 

re-elevation  of  the  land  continued,  and  erelong  glaciers  ceased 
;h  the  sea.  An  amelioration  of  climate  had  again  ensued, 
the  glaciers  crept  up  the  valleys,  leaving  behind  them  a 
r  of  moraines,  some  of  which  are  finely  preserved, 
later  stages  of  the  history  are  well  known.  Scotland  pro- 
became  connected  with  the  continent  across  the  upraised  beid  of 
rth  Sea.  By  this  time  the  climate  had  greatly  emieliorated, 
3  country,  along  with  a  large  part  of  Northern  Europe,  became 
i  with  dense  forests. 

subsequent  depression  of  the  land  and  the  insulation  of  Britain 
ave  tended  still  further  to  temper  the  cold  of  winter,  although 
same  time  the  warmth  of  the  summers  would  also  be  some- 
educed.  Tlio  decay  of  the  ancient  forests  probably  dates  its 
ing  from  this  period.  The  more  recent  raised  beaches  indi- 
11  later  changes  in  the  relative  level  of  land  and  sea,  but  a 
.^ration  of  these  is  beyond  the  purpose  of  this  paper. 
B  the  time  that  the  shelly  clays  were  deposited  down  to  the 
;  we  have  no  trace  in  the  post-Glacial  beds  or  recent  alluvia 
warm  climate  having  intervened.  From  the  close  of  the 
period  the  climate  has  regularly  and  successively  become 
:  neither  post-Glacial  nor  recent  alluvial  deposits  give  the 
st  hint  that  any  considerable  oscillations  of  temperature  have 
:)lace  since  then. 

um  up,  then,  the  results  at  which  we  have  arrived,  I  shall  in 
ivords  recapitulate  the  points  which  I  have  endeavoured  to 
)rominently  forward. 

The  TilP  of  Scotland  with  its  intercalated  beds  indicates  a 
pse  of  time,  during  which  there  were  several  great  revolutions 
ate,  how  many  we  do  not  know. 

nk  it  much  to  be  desired  that  the  terms  Till  and  Botilder-elay  should  not  be 
o  one  and  the  same  deposit.  If  Till  were  taken  to  mean  simply  the  material 
underneath  land-ice,  the  moraine  profonde  of  Swiss  geologists,  it  would 
usion.  Boulder-day  could  then  be  applied  to  those  more  or  less  stratified 
h  bouJders  which  have  been  deposited  in  water.  In  ray  prevVous  "ij^apviT  \ 
y  the  two  terms  interchnn^eahly ;  in  the  present  paper,  ho'we^ei,  wid.  *YQ. 
riJJ  apply  them  in  the  manner  just  suggested. 
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2nd.  Tlie  beds  of  Till  point  to  intense  arctio  oonditions  hamg 
prevailed  at  the  time  of  their  formation. 

drd.  The  deposits  of  silt,  clay,  sand,  and  gravel,  with  land-plants 
and  mammalian  remains,  and  in  some  places  with  marine  shells,  all 
of  which  beds  are  intercalated  in  the  TiU,  clearly  show  that  the 
intense  arctio  cold  which  covered  the  country  with  an  ice-sheet  was 
interrupted,  not  once  but  several  times,  by  long  continuous  ages  of 
milder  conditions.  Some  of  these  periods  may  have  been  wanner 
than  others,  just  as  some  of  the  glacial  periods  may  have  been 
colder  than  others. 

4th.  So  far  as  direct  evidence  goes,  we  cannot  say  that  any  one  of 
those  inter-Glacial  periods  was  characterized  by  a  warmer  climate 
than  is  now  enjoyed  in  the  forest  regions  of  high  latitudes  in 
America. 

5th.  Considering  the  sorely  denuded  appearance  of  the  inter-Glacial 
deposits,  and  keeping  in  mind  the  nature  of  the  conditions  under 
which  they  have  been  preserved,  it  would  be  rash  to  conclude  that 
they  contain  a  complete  record  of  the  changes  which  ensued  during 
inter-Glacial  times,  or  that  we  ai-e  entitled  to  argue  from  the  few 
fossils  yielded  by  them  that  the  climates  of  the  inter-Glacial  periods 
were  never  positively  warm. 

6th.  A  mild  or  temperate  period  followed  upon  the  final  dis- 
appearance of  the  great  ice-sheets.  There  is  no  reason  to  suppose 
that  this  change  of  climate  was  caused  by  the  sinking  down  of  the 
land  and  the  incoming  of  the  sea.  The  probabilities  are  that  the 
glaciers  had  retired  a  long  way  from  the  sea  before  subsidence 
commenced,  and  had  left  the  ground  covered  here  and  there  with 
heaps  of  loose  terminal  moraine  rubbish. 

7th.  During  the  process  of  subsidence  that  ensued  the  Kame- 
•eries  of  sand  and  gravel  was  formed.  Little  or  no  floating-ice 
existed  in  our  seas  at  this  time. 

8tE.  When  the  subsidence  had  become  considerable  the  glaciers 
again  entered  the  sea,  and  bergs  and  coast-ice  scattered  stones  and 
blocks  across  the  sea-bottom.  These  blocks  and  stones  strew  the 
tops  and  slopes  of  the  Eames  and  occur  in  the  shelly  clays. 

9th.  The  clays  with  arctic  shells  belong   to  the  period  of  re- 
'  elevation. 

10th.   The  subsequent  changes  indicate  a  gradual  amelioration 
or  olimate  down  to  the  present. 

Such  are  the  general  results  which  appear  to  be  fairly  deducible 

^om  'whskt  is  known  of  the  Scottish  Drift     It  is  so  easy  to  correlate 

™o  various  Glacial  deposits  in  Scotland,  and  to  read  off  the  suc- 

OGBOion   of  events,  that  it  becomes  interesting  to  inquire  to  what 

^*®^t  the  sequence  obtedned  in  other  northern  regions  harmonizes 

^^^T^  *^®  conclusions  stated  above.     For  if  it  be  found  that  not  only 

'I  Northern  Europe  and  North  America,  but  in  Switzerland  also,  the 

"^^^^^  Buooession  of  the  drift  deposits  tallies  precisely,  this  will 

totiess  serve  as  a  guide  towards  unravelling  the  more  complicated 

■■  or  the  low  grounds  of  England.     My  limits,  however,  will  not 

^^^  to  do  more  than  bring  together  into  aa  ^Ibiort  Ob  a^^aoe  aa  I 
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«nthe  main  lesultB  arrived  at  by  foreign  geologists.     I  have  found  a 
wDoderfol  unanimity  in  these  results — geologists  working  apart  and 

a  widely-separated  countries  coming  as  near  as  may  be  to  Uie  same 

flODoIiuions. 

{To  hi  continued  m  our  Februaiy  numUr,) 


I — ^MxMOmS      8UH      LE      C<ELAGAKTHUS      HARLEm^fSIS,      par      Db. 

T.  C.  WiNKLKB.     Haarlem,  1871.  8yo. 

r[S  is  one  of  several  memoirs  by  Dr.  Winkler,  descriptive  of 
new,  rare,  or  of  more  perfect  examples  of  previously-described 
Tertebrate  fossils,  preserved  in  the  Teyler  collection  at  Haarlem,  and 
which  originally  appeared  in  the  third  volume  of  its  Archives.  It 
is  an  addition  to  the  literature  of  the  small  but  interesting  group  of 
fossil  fishes  which  constitute  the  family  of  Ccelacanthini,  as  esta- 
blished by  Prof.  Huxley  in  his  "  Preliminary  Essay  on  the  Systematic 
Arrangement  of  the  Fishes  of  the  Devonian  Epoch,"  ^  the  genera  and 
species  being  more  fully  described  and  illustrated  in  a  subsequent 
Memoir.' 

Since  the  publication  of  this  essay,  Professors  Wagner,  von  Alberti, 
Kner,  and  Quenstedt,  have  each  written  and  added  to  our  knowledge 
of  the  subject.  And,  more  recently,  M.  Willemoes-Suhm  has  pub- 
lished an  excellent  memoir  on  the  species  of  Ccelacanihm  in  the 
17th  volume  of  the  "  Paloeontographica,"  1869.  Tlie  group  is  an 
exceedingly  interesting  one  to  the  palae-ichthyologist,  both  as  regards 
its  peculiar  anatomical  structure  and  its  long  persistence  in  geological 
time  ;  its  range  extending  from  the  Upper  Carboniferous  beds  to  the 
Chalk  inclusive.  Aud  during  this  long  lapse  of  time  it  has  (so 
fiff  as  our  knowledge  extends)  only  been  represented  by  about  20 
^>ecies. 

The  typical  genus  of  the  family — Codacanthus  of  Agassiz — first 
«)pears  in  the  Coal-measures,  and  is  found  in  the  Permian  and 
iSiassic  formations,  and  also  in  the  Upper  Oolite  or  Lithographic 
stone  of  Bavaria.  HolopliaguB  of  Egerton  occurs  in  the  Lower  Lias 
at  Lyme  Eegis,  and  is  known  only  by  a  single  species.^ 

Macropoma,  Agass.,  is  represented  by  three  species,  one  in  the 
Kimmeridgo  clay,  and  two  in  the  Cretaceous  deposits  ;  and,  accord- 
ing to  Sir  Philip  Egerton,  an  undescribed  species  occurs  in  the 
Purbeck  beds  near  Swanage.  Thus,  of  the  twenty  recorded  species, 
sixteen  are  referred  to  Ccelacanthus  and  Undina;  but  this  last  name  has 
been  set  aside,  as  a  synonym  of  the  first,  by  later  writers,  which  our 
author  greatly  regrets,  seeing  that  Count  Miinster  was  the  first  to 
observe  and  describe  the  principal  characters  of  the  peculiar  organi- 
sation of  these  Fishes,  and  that  his  genus  Undtna  had  the  priority 
of  Agassiz's  Ccelacanthtis. 

1  Hemoira  of  the  Geolo|pcal  Surrey.    Decade  X. 

*  lUastratioiis  of  the  Structure  of  the  Crossopterygian  GanoidB.    Memoirs  of  the 
Q«ological  SurveT.    Decade  XJI.  1866. 
I  Mtmouw  of  tie  Geological  Surrej,    Decade  XII,  PL  6. 


32  Notices  of  Memoirs. 

The  specimen  on  which  Dr.  Winkler  foundB  his  new  species  is 
from  the  Lithographic  stone  of  Eichstadt  It  is  in  a  good  state  of 
preservation,  its  length  being  thirteen  inches  ;  the  head  is  somewhat 
mutilated,  but  the  orbital,  opercular,  and  maxillary  bones,  are  easily 
recognized,  but,  unfortunately,  there  is  no  trace  of  the  teeth.  A 
slender  line  which  extends  from  the  neck  to  nearly  the  end  of  the 
tail,  marks  the  position  of  the  spinal  marrow  (moelle  ^pinicre),  or 
dorsal  chord,  forming  a  ribbon  divided  into  small  squares,  and  which 
is  protected  above  and  below  by  bifurcated  bones,  which  terminate 
in  single  points, — the  neural  and  hsemal  arches.  The  fins  are  entire 
and  in  their  natural  positions.  A  large  portion  of  the  integumentazy 
envelope  is  preserved,  which  our  author  thinks  is  naked  or  devoid 
of  sciiles,  but  covered  with  numerous  small  spots  or  groups  of  very 
fine  stria},  and  these  groups  have  between  them  spaces  which  are 
not  striated.  On  examining  these  strisd  with  a  magnifying  glass, 
ho  finds  that  they  are  composed  of  long  tubercles,  a  little  undulated, 
and  sometimes  bifurcated,  and  they  are  covered  by  a  fine  coat  of 
enamel.  Upon  comparing  his  specimen  with  the  figures  and  de- 
scriptions of  the  other  most  perfect  example  known,  the  Cadacanthus 
atriolaris,  Mlinster,  our  author  finds  that  both  specimens  are  alike  in 
size  and  general  form,  and  in  the  relative  size  of  the  head  to  the 
body  ;  in  tlio  number  and  position  of  the  fins,  and  in  having  a  prin- 
cipal, and  an  accessory  caudal  fin  placed  at  the  end  of  the  dorsal 
chord ;  and  also  in  the  dorsal  and  anal  fins  being  each  supported  by 
a  broad  flat  lx)ne,  and  not  upon  interapophysary  osselets.  He  says 
they  differ  in  the  following  particulars : — 

1.  C.  sin'olaru^  according  to  M.  'Willemoes-Suhm,  has  19  rays  in  the  second 
dorsal  fin,  his  has  hut  13  or  14. 

2.  The  unal  and  second  dorsal  fins  have  each  19  rays  in  C,  pencillattu;  in  hii 
specimen  thtre  are  but  10  or  11  rays, 

3.  A  ditl'erence  of  a  few  rays  is  also  obserred  in  the  first  dorsal. 

4.  The  <HtrtTcnce  in  the  number  of  the  rays  of  the  pectoral  fin  is  also  great 
between  the  two  species, — 13  or  14  in  C.  peneillatus^  20  in  his. 

5.  The  ventral  tin  in  C.  atriolarit  is  small;  in  his  specimen  it  is  the  largest  of  all 
the  lins. 

6.  C.  Kohleri  shows  plainly  fulcra  to  the  first  dorsal  and  the  caudal,  but  none  of  tha 
fins  of  his  specimen  have  these  small  spines  on  the  edges  of  the  rays. 

7.  Th(!  specimens  in  the  Munich  Museum  have  scales,  and  also  fulcra,  which  are 
hut  moditu  d  scales,  and  the  absence  of  fulcra  in  his  specimen  coincides  with  his  view 
thut  the  skin  was  naked  or  covered  with  small  dermal  tubercles. 

Thcso  differences,  he  thinks,  are  quite  sufficient  to  prove  that  his 
Co'laranth  is  a  new  species,  and  which  Dr.  Winkler  names  Ccelacantlius 
Ihirkineni*is,  for  the  very  novel  reason  that  it  was  first  studied 
and  described  in  the  town  of  Haarlem. 

The  memoir  is  illustrated  with  a  fine  tinted  plate. — W.D. 

IT. — ]\Tkm()IRs  of  the  Geological  Survey  of  India.  Vol.  VII. 
^Vrt.  VII.  The  Karanpuni  Coal-fields.  By  ^leo.  W.  H.  Hughes, 
F.O.S..  Assoc.  Roy.  School  of  Mines,  Geological  Survey  of  India. 

IN  this  Memoir  Mr.  Theodore  Hughes,  of  the  Indian  Geological 
Survey,  brings  before  us  the  history  of  the  mineral  wealth  of  the 
Vamudii  valley,  in  connexion  with  its  coal  and  iron- bearing  deposits, 
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V  liaA  was  oommenced  by  the  issue  of  the  Beport  on  the  Raniganj 
KkU,  and  systematically  continued  in  those  of  the  Jherria,  the  Bokaro, 

V  ad  the  Bamgarh  fields. 

W     Hie  total  area  of  all  the  Damuda  Coal-basins  is  about  2000  square 
m  ttOes,  estimated  as  follows : — 

f  i 


4.  Jlierrl& 200  square  miles. 

5.  South  K&ranpdr&    72         ,, 

6.  R&mgarh 40         „ 


1.  lUofganj 1000  square  miles. 

2.  K&ranptir& 472         „ 

a.  Bok&ro   220         „ 

The  size  of  the  Kaniganj  field  is  stated  approximately.  Its  known 
is  600  square  miles,  but  there  is  every  reason  to  8up}X)8e  that  it 
extends  for  many  miles  eastward  beyond  its  furthest  known  or 
mi^ped  point  in  that  direction.  The  areas  of  the  other  Goal-basins 
are  accurately  given,  as  they  dififer  from  the  Kaniganj  field  in  haWng 
their  boundaries  definitely  terminated  by  the  appearance  of  the 
I  crystalline  series,  which,  in  the  Damuda  valley,  forms  the  fioor  upon 
whidi  the  Coal-measures  and  their  associated  rocks  rest. 

Although  the  B&niganj  field  is  by  far  the  most  important  of  the 
Damuda  Coal-basins,  owing  to  its  superior  size  comi>ared  with  the 
others,  and  its  geographical  position  as  regards  Calcutta,  the  K&ran- 
pm  Coal-fields  will  also  be  of  considerable  value  as  areas  of  supply 
to  the  towns  of  Hazaribagh,  Banchf,  and  Gya ;  and  for  economic 
parposes  in  connexion  with  the  Sone  irrigation  works,  which  have 
lately  been  initiated  by  the  Government  of  India. 

The  area  of  the  Karanpuni  fields  is  544  square  miles,  and  they  have 
been  roughly  estimated  to  contain  8835  million  tons  of  available  coal. 

Associated  with  this  coal  there  are  valuable  deposits  of  iron-ore, 
which  have  within  the  last  few  years  attracted  much  attention ;  and 
some  preliminary  surveys  have  been  commenced  with  a  view  to  set- 
ting up  ironworks,  and  connecting  tlicm  by  means  of  a  bmnch  lino 
with  tlie  main  system  of  the  East  Indian  Railway  Company. 

The  size  and  importance  of  the  Coal-fields  of  our  great  dependency 
are  little  known,  and  it  may  bo  of  interest  and  high  importance  to 
leani  that  in  extent  the  coal -area  of  India  stands  third  in  the  list 
of  o^untries,  and  that  in  thickness  its  seams  are  unsur2)assed  by  any 
in  the  world. 

Mr.  Hughes'  memoir  concludes  with  some  important  general 
considerations  regarding  the  physical  conditions  under  which  the 
coal-rocks  were  deposited,  and  tho  organic  contents  of  the  period. 
He  argues  that  the  entire  series  of  formations  developed  in  the 
Damuda  Valley  Coal-fields  is  of  land  and  freshwater  origin,  and 
adduces  as  proof:  evidences  of  water  (current)  action  resembling 
those  which  may  be  seen  in  the  recent  valley  deposits  of  Indian 
rivers ;  and  tlie  absence  of  marine  organic  remains  highly  favours 
the  views  of  Mr.  Hughes — this  being  boi-ne  out  by  the  great  pre- 
ponderance of  fossil  plants  over  other  organic  remains  in  tho 
Damuda  and  Panchft  plant-bearing  formations. 

It  would  appear  that  tho  coal-bearing  rocks  of  the  Karanpiira 
Coal-fields,  and  consequently  the  Coal-flora  of  this  part  of  India, 
belong  to  the  Trias,  or  even  later;   and  such  plants  as  61  »Js»oplcrl8, 
TcBMop/er/'^,  and  Friessleria — alao  occurring  in  Queenslan  V  in  locVa 
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which  are  nnqnestionably  of  Seoondaiy  age — may  througli  closer  ' 
investigatiou  be  found  to  be  of  nearly  Uie  same  epoch.  Associatod  i 
with  the  flora  are  Labyrinthodont  and  Dicynodont  remains,  the  I 
latter  significant  of  the  Poikilitic  group  in  India,  Africa,  and  Eozope. 

The  Economic  Summary  shows  the  local  value  and  importanoe 
of  this  Coal-field  and  the  industrial  wealth  associated  with  this 
important  fueL 

Estimates  as  to  quantity  are  assuring  for  the  future  of  India. 
Analyses  of  iron-ores  associated  with  the  coal  are  given  and  bear 
comparison  with  our  British  deposits. 

ThQ  surveys  of  our  colonies  are  looked  upon  in  a  different  li^it  ^ 
by  the  general  population  when  immediate  utility  is  impatiently 
looked  for,  or  when  material  gain  almost  entirely  sways  the  publso  ^ 
and  offici(d  mind.  Under  these  circumstances  the  usefulness  of  such  \ 
a  memoir  as  this  by  one  of  the  officers  of  the  Indian  Survey  in  % 
keeping  alive  the  interest  in  the  proceedings  of  our  Colonial  Geo- 
logical Surveys  cannot  be  over-estimated.  \ 


L. — The  Eabth  :  a  Desoriptive  History  of  the  Phekohxha  (w 
THE  Life  of  the  Olobe.  By  Elis^e  Keolus.  Translated  by 
the  late  B.  B.  Woodward,  M.A.,  and  Edited  by  Hsnrt  Wood« 
WARD,  British  Museum.  Continents : — Sections  I.  and  U.  Two 
vols.  8vo.,  pp.  666.*     (Chapman  and  Hall,  1871.) 

JUST  as  our  stage  is  indebted  to  French  writers  for  the  plot  and 
groundwork  of  the  numerous  ''adaptations"  which  form  the 
bulk  of  the  rdpertoire  of  our  actors  of  light  comedy,  so  are  our 
popular  scientific  gift-books  mostly  translations  of  French  compila- 
tions, such  as  the  one  whose  title  stands  at  the  head  of  this  artiola 
But  there  is  this  difference.  While  French  comedies  require  for 
an  English  audience  so  much  "  adaptation  "  of  their  ornament  and 
incident  that  they  cease  to  be  sparkling,  the  compilations  of  Frenoh 
savants  can  be  allowed  to  retain  their  brilliancy.  The  latter  possess 
a  sufficiently  polished  surface,  and  leave  nothing  to  be  desired  but  a 
more  solid  background  to  reflect  their  light  and  irradiate  their 
readers ;  but  the  former  require  the  aid  of  a  moral  Nemesis  to 
neutralize  the  artificial  attractiveness  of  their  vice.  In  a  woid^ 
French  science  is  too  poetical,  just  as  French  comedy  is  too  prurient 
The  book  before  us  well  represents  a  French  scientific  compilation 
of  the  first  rank ;  and  its  possession  of  the  idealism  characteristic  of 
its  nationality  serves  chiefly  to  invest  its  theme  with  a  **  harmony** 
and  even  with  a  "rhythm"  which  are  not  the  less  attractive  because 
they  are  inconsequent  Thus,  although  "the  Earth"  has  been  the 
subject  of  many  books  by  many  writers,  from  Button's  "  Theory  "  to 
Gosse's  "  Omphalos,"  and  from  Strabo  amongst  the  ancients  to  the 
Goldsmith  of  our  schooldays,  we  do  not  remember  any  book  whioh 
has  covered  exactly  the  same  ground  as  M.  Keclus's  "  La  Terre." 

'  The  two  remaining  rolames  are  now  m  t\iQ  ^t^tt.— I&dyi. 
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Gonunencing  with  a  description  of  the  Earth  as  a  planet,  the 

gi'ves  a  brief  but  accurate  sketch  of  its  astronomical  relations, 

ig  into  his  description  from  time  to  time  his  views  on  its 

present,  and  fatnre  condition.     He  believes  that  great  cata- 

have  already  occurred,  and  that  a  succession  of  cataclysms 

take  place  before  the  ''  vitality  *'  of  our  globe  becomes  aiinihi- 

Its  rate  of  rotation  is  already  diminishing  in  a  perceptible 

and  M.  Beclus  sees  in  this  and  some  other  phenomena  suffi- 

proof  that,  after  a  series  of  internal  convulsions,  the  earth's 

will  terminate  with  the  fall  of  our  planet  upon  the  surface 

dte  sun  as  a  series  of  meteorites. 

^lese  preliminary  chapters  will  acquire  more  significance  in  the 
of  the  reader  after  he  has  mastered  a  portion  of  the  next 
ision  of  the  work,  entitled  ''  The  Land."     He  will  then  find  that 
occasional  paragraphs   about   "  vitalities/'   ''  harmonies,"   and 
ihythnis,"  which  at  first  will  strike  him,  probably,  as  being  mere 
forms  of  expression,  are  really  indicative  of  the  ruling  idea 
the  anther  in  his  contemplation  of  telluric  phenomena.     He  will 
Ltinually  find  accurate  statements  of  facts  unaccompanied  by  any 
Terence  to  their  cause,  but  illustrated  by  comparisons  with  ana- 
nas phenomena  which  the  author  reganis  as  either  harmonious 
*  ihythmicaL 

In  his  description  of  ''The  Land,"  M.  Keclus  confines  himself  to  the 
present  epoch,and  treats  his  subject  as  a  portion  of  Physical  Geography. 
Tliis  science  he  rightly  regards  as  descriptive  of  the  earth  as  it 
ciists  before  our  eyes,  and  as  preparing  the  way  for  Geology  by 
o^ecting  and  classifying  facts  which  we  can  now  verify,  and  by 
llicir  aid  discovering  the  laws  of  the  formation  and  destruction 
1^  strata.  Taking  this  line  of  argument,  and  importing  into  it  the 
idealism  to  which  we  have  already  drawn  attention,  M.  Keclus 
Bakes  the  second  portion  of  his  work  an  elaboration  of  the  truth 
of  the  following  statement  (p.  40) : — 

**The  globe  of  our  earth  is  in  evident  conformity  to  all  the  laws 
xH  harmony,  both  in  the  spherical  uniformity  of  its  shape,  and  also 
m  its  constant  and  regular  course  through  space.  It  would,  thero- 
ibre,  be  incomprehensible  if,  on  a  planet  so  rhythmical  in  all  its 
methods,  the  distribution  of  continents  and  seas  had  been  accom- 
plished, as  it  were,  at  random.  It  is  true  enough  that  the  outlines 
of  coasts  and  mountain  ridges  do  not  constitute  a  system  of  geo- 
metrical regularity;  but  this  very  variety  is  a  proof  of  a  higher 
vitality,  and  bears  witness  to  the  multiplicity  of  motions  which  have 
eo-operated  in  the  adornment  of  the  earth's  surface." 

As  an  illustration  of  his  ruling  idea,  we  give  a  short  synopsis 
of  his  mode  of  correlating  certain  terrestrial  phenomena  as 
kannonious,  merely  premising  that  we  select  one  or  two  sets  as 
typical  of  his  method,  and  that  the  same  process  is  applied  to  the 
oomparison  of  all  the  phenomena  which  have  been  made  known  to  us 
by  the  researches  of  travellers  and  physictd  geographers. 

The  dry  land  of  the  earth  is  classified  by  our  author  as  t\iTeQ 
double  oontinentB,  forming  three  parallel  series.     Of  these  doxiVA^ 
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continents,  North  and  South  America  form  one  pair;  Europe 
Africa  another,  and  Asia  and  Australia  the  third.  The  duali 
North  and  South  America  is  evident  to  every  child  who  underst 
'^  the  use  of  the  globes ; "  but  when  a  comparison  is  attem 
between  this  and  any  other  pair,  the  author  is  constrained  to  ( 
more  or  less  on  his  imagination.  He  owns  that  Europe  migl: 
looked  upon  as  a  mere  geographical  appendix  of  Asia ;  but  be 
poses  of  this  objection  by  the  fact  that  **  at  some  previous  epoi 
[Europe]  was  separated  from  Asia  by  a  sheet  of  water,  v 
stretched  from  the  Mediterranean  to  the  Gulf  of  Obi,  throagl 
present  Euxine,  Caspian,  and  Aral  Seas."  He  does  not  stoj 
inquire  what  was  the  condition  of  the  African  continent  at 
period ;  whetlier  the  Sahara  was  submerged,  and  whether  the  i» 
face  of  the  sub-aerial  land  was  not  so  altered  in  contour  that  it 
sonted  no  analogy  with  the  continents  of  the  present  day.  A 
confining  ourselves  to  the  land-surface  of  the  world  as  it  € 
to-day,  is  not  the  division  between  the  continents  of  Europe 
Asia  purely  arbitraiy?  It  is  not  political,  because  i>ortioi 
l)oth  the  Russian  and  Turkish  Empires  extend  into  Asia.  It  i« 
philological ;  for,  if  it  were,  the  peninsula  of  Hindostan  wou! 
joined  to  the  remainder  of  the  region  inhabited  by  the  nations  \ 
epcak  languages  belongmg  to  the  Indo-Euroj^ean  family.  And 
neither  ethnological  nor  theological,  for  similar  reasons  to  thos< 
it  is  not  political. 

The  author  finds  little  difficulty  in  pointing  out  a  seri 
similitudes  between  South  America  and  Africa ;  but  in  comp 
them  with  Australia,  he  is  compelled  to  exercise  his  idealism  to 
a  greater  extent  than  in  his  comparison  of  Europe  and  Asia 
America,  and  especially  in  his  attempt  to  construct  an  isthmus 
parable  with  that  of  Suez  or  Panama.  Tliis  essential  feature  he 
represented  in  the  Sunda  Islands,  which  he  justly  enough  regai 
"  the  piles  of  a  demolished  bridge." 

M.  Beclus  does  not,  however,  consider  his  similitudes  to  be 
fancies.  He  regards  them  as  the  evidences  of  the  action  of  twt 
of  forces  which  have  for  ages  been  exei-ted  at  right  angles  t 
another.  He  points  to  a  series  of  circles  of  geographical  i)henoi 
such  as  the  "circle  of  fire,"  which  extends  from  the  chain  c 
Andes  across  the  southei*n  ocean ;  to  "  the  circumpolar  circ 
coasts"  around  the  North  Pole;  to  the  "circle  of  inland  sea 
lakes"  represented  by  the  Mediterranean,  the  Euxiue.  the  Cat 
the  Siberian  and  American  lakes,  and  the  Bay  of  Fuudy  ;  also  i 
"semicircle  of  deserts,"  which  is  arranged  obliquely  acros 
continents  of  Asia  and  Africa.  All  these,  with  the  directions  c 
axes  of  the  northern  continents,  show,  in  his  opinion,  that  the 
the  result  of  a  set  of  forces  acting  obliquely  to  the  Equator. 

The  other  set  of  forces  he  considers  to  have  produced  the  t 
bution  of  the  southern  continents  in   three  lines  parallel  t 
meridian.    "To  this  complication,"  he  observes,  "is  due  the  app 
-      X"^*"*y  o^  *^^G  double  continents  in  the  Old  World :  for  thei 
axes  of  fonoation  cross,  and  cousequeutly  there,  too,  is  pro( 
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diTersity  in  the  relief  of  the  land.  The  mutual  resemblanoea 
lomtnists  exhibited  by  the  two  halves  of  the  world  can,  however, 
\j  weU  explained  if  we  connect  them  with  one  or  the  other 
two  orders  of  facts.  If  we  look  upon  the  land  as  forming 
Ne  parallel  double  continents,  we  must  then  be  struck  with  the 
■iirity  which  they  mutually  present  both  as  a  whole  and  in 
Us;  if,  on  the  contrary,  we  admit  the  usual  division  of  the 
itinental  masses  into  two  worlds,  we  discern  the  reason  of  the 

lllists,  which  are  only  another  kind  of  resemblance Just  as 

a  woven  fabric,  we  can  discern  both  the  warp  and  the  woof  in  the 
^feUous  texture  of  the  earth's  surface." 

It  IS  fortunate  for  M.  Beclus  that  his  ideas  of  harmony  and  rhythm 
pio  plastic;  for  in  his  next  attempt— which  is  the  last  to  which  we 
draw  attention — their  elasticity  is  put  to  even  a  more  severe 
After  drawing  attention  to  the  similarity  in  the  shape  of  the 
points  of  the  three  southern  continents,  and  to  the  existence 
in  island,  or  a  set  of  islands,  on  the  southern  side  of  each,  he 
to  show  that  these  three  continental  promontories  are 
ited  by  three  peninsulas  in  each  of  the  three  northern 
its — another  evidence  of  harmony  and  rhythm  of  the 
order.  Thus,  commencing  with  Europe  and  Asia,  Spain 
ids  with  Arabia ;  Italy  with  Hindostan  (even  to  the  exis- 
iMBof  an  island  near  the  southern  extremity  of  each),  and  Greece 
tth  India  beyond  the  Ganges.  "  With  regard  to  Greece  and  the 
bDsgangetic  peninsula,  the  seas  which  bathe  their  eastern  coasts 
»  dotted  over  with  innumerable  islands  and  islets,  like  a  brood  of 
mg  birds  nestling  under  the  wing  of  their  mother.  The  two 
iier  eastern  peninsulas,  which  are  also  thrown  off  by  the  great 
iatie  continent,  are  each  of  them  likewise  accompanied  by  an 
ihipelago."  But  the  European  representative  of  these  last  is  not 
otioned. 

Rie  author's  ideas  of  harmony,  however,  suflfer  the  greatest  wrench 
ing  his  comparison  of  the  two  trios  of  northern  Old -World 
linsulas  with  tlieir  North  American  representatives.  Can  our 
lers  trace  the  harmonious  analogy  between  California,  Spain 
Arabia,  between  the  Isthmus  of  Panama,  Italy  and  Hindostan, 
between  Florida,  Greece,  and  Transgangetic  India  ?  M.  Reclus 
tages  to  sustain  his  theory  in  this  last  effort ;  but,  to  our  mind, 
luocess  speaks  more  of  his  ingenuity  than  of  his  philosophy. 
'orsuing  a  similar  method,  M.  Reclus  discusses  the  relations  of 
Plains  and  Deserts,  the  Mountains  and  Valleys,  and  the  other 
ures  of  "  The  Land,"  and  in  subsequent  chapters  treats  of  "  The 
nlatioD  of  Water  "  and  "  The  Subterranean  Forces."  The  latter 
ion  of  the  work  is  also  strongly  marked  by  idealism,  like  the 
)ter8  which  we  have  selected  as  being  most  appropriate  for  dis- 
ion  in  a  Geological  Magazine.  All  his  statements  are  interesting, 
fresh,  and  all  readable,  although  it  must  be  said  that  they  contain 
e  or  nothing  true  that  is  not  "  familiar  in  our  mouths  as  l\o\ise- 
1  words." 

9t  even  M.  Reclus,  however,  can  £nd   ''harmony"  in  a\\  t\\e 
7mena  of  the  globe.    Indeed,  he  signally  faUa  in  the  case  oi 
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the  ages  of  geological  strata  in  the  Yarions  countries  of  the  woxiB. 
"  Nowhere  do  they  present  absolute  harmony."  His  conclusioK 
takes  the  form  of  a  question,  and  he  asks,  ''  How  mnch  [of  tfaifl 
want  of  harmony]  is  owing  to  a  difference  of  epoch,  and  how  moot: 
to  a  diversity  of  climate  ?  The  solution  of  this  problem  is  onfl 
of  the  great  tasks  of  science."  (p.  31.)  We  are  of  opinion  thii 
Do  la  Beche,  Edward  Forbes,  and  Professor  Huxley  have  taught  vl 
in  England  to  reduce  this  *'  want  of  harmony  "  to  a  principle,  whiflta 
we  know  as  Homotaxis ;  and  we  believe  that  some  way  has  bea 
made  in  the  endeavour  to  ascertain  the  value  of  each  factor  in  ^ 
numberless  equations  which  Comparative  Palaaontology  presents  to 
us.  But  would  M.  Reclus  be  "  surprijsed  to  learn  "  that  this  geo- 
logical variation  is  harmonious  with  an  astronomical  one  deteribel 
by  himself?  ''The  attraction  of  the  moon  and  the  disturbanoM 
caused  by  the  vicinity  of  certain  planets  are  incessantly  modifying 
the  curve  described  in  the  starry  fields  of  space  by  the  earth's  axii^ 
and  complicate  it  with  a  multitude  of  spirals,  the  various  periodi 
of  which  do  not  coincide  with  the  great  period  of  the  swaying  of  tfaa 
axis.  The  successive  undulations  form  a  continuous  system  of  inter- 
woven spirals.  'It  is  a  manifestation  of  the  Infinite.' "  (p.  12.) 
Just  as  the  moon  and  the  planets  modify  the  path  of  our  globi 
round  the  sun,  so  have  volcanic,  meteorological,  and  other  terrestrial 
plienomena  modified  the  climate,  the  depth  of  the  sea,  and  thi» 
distribution  of  land  and  water,  which  have  produced  the  "wanfe 
of  hannony"  in  geological  strata  in  different  parts  of  the  globes 
The  geologist  of  the  present  day  who  believes  in  the  philosophy 
of  his  science  looks  forward  to  the  time  when  the  history  of  all  thessi 
perturbations  may  be  as  clearly  read  by  him  as  the  ancient  path 
of  the  world  can  be  calculated  by  the  astronomer. 

The  two  volumes  which  we  have  received  do  not  complete  IL 
Reclus's  work ;  but  we  have  refrained  from  consulting  the 
complete  French  edition,  as  we  hope  on  a  future  occasion  to 
resume  our  discourse  on  the  sequel,  and  to  show,  if  possible,  how 
the  author  gathers  up  his  lines  of  harmony  and  rhythm,  and  connects 
them  by  means  of  a  scientific  theory  with  the  laws  which  are  known 
to  have  produced  the  varied  phenomena  which  he  has  hitherto  com- 
pared with  each  other. 

The  translation  to  which  we  have  confined  ourselves  was  made 
by  the  late  Mr.  B.  B.  Woodward,  M.A.  (Queen's  Librarian),  and  it 
has  been  edited  by  his  brother,  Mr.  Henry  Woodward,  F.G.S.,  etc., 
of  the  British  Museum.     The  volumes  are  very  well  got  up,  ex- 
cellently illustrated  by  twenty-four  page-maps  printed  in  colours,  as 
well  as  by  more  than  two  hundred  woodcut  figures  inserted  in  the  text 
As  a  gift-book  on  Popular  Science,  we  can  strongly  recommend  it, 
especially  to  those  who  expect  such  publications  to  interest  their 
iriends  if  opened  at  random  and  read  for  a  spare  half  hour.     We 
oannot  say  that  it  is  faultless;  but  when  the  work  is  completed  we 
xpect  to  find  a  table  of  Errata^  in  which,  for  instance,  the  editor 
^jJJ  assme  his  readers  that  the  word  "  Grustacess  "  is  a  misprint,  and 
t  meant,  as  a  double  plural,  to  bo  a  pbiloVogiQal  VIIIwb^t^^oidl  Q»i  \k<( 
hor'B  theory  of  double  contixieixlB. — H.  M..  3v:£iisimB. 
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tt— Fldtps,  Fakoikb,  AMD  Paots  ;  a  Review  of  Sir  Charles  Lyell'e 
"Antiquity  of  Man,"  and  Bimilar  Works.*  By  William  Robin- 
son, of  Cambridge.  London :  Longmans.  8yo.  1871.  pp.  28. 
(With  a  lithographio  plate.) 

rB  antbor  of  tbis  little  pampblet,  wbo  is  doubtless  "  a  burning 
and  a  sbining  light"  in  nis  own  small  circle  at  Cambridge,  has 
been  .drawn  to  make  a  few  observations  on  the  igne$  fatui  of  the 
loientific  world  whose  false  beams  have  obscured,  though  doubtless 
flnly  for  a  season,  the  light  shed  by  Mr.  William  Robinson.  The 
names  of  these  false  luminaries  specially  selected  for  extinction  are 
BoQoher  de  Perthes,  Lyell,  Lubbock,  Lartet,  and  Christy,  and  Mr. 
Jdm  Evans. 

Mr.  Robinson  writes  more  in  pity  than  in  anger  of  these  men. 
« Surprisingly  strong,"  he  observes,  "  as  may  be  their  prejudices, 
alien  as  are  their  principal  conclusions  from  their  premisses,  the 
dopes,  as  we  conceive  them  to  be,  of  one  fondly  cherished  illusion, 
and  the  not  blameless  propagators  of  dangerous  errors,  it  is  due  to 
them  to  say  that  their  writings  contain  proofs  of  their  readiness  to 
oonfess  mistakes  into  which  they  had  previously  fallen,  and  abound 
with  proofs  of  their  desire  to  describe  with  honest  accuracy  what 
they  have  seen"  (p.  1). 

We  r^ret  that  we  are  unable  to  attribute  the  same  candour  and 
honesty  of  purpose  to  the  author  of  this  pamphlet  ,*  for,  wishing  to 
throw  doubt  and  discredit  on  the  discovery  of  flint  inplements  of 
undoubted  human  manufacture  in  the  drift,  he  has  selected  for 
figuring  some  of  the  most  rude  examples  which  he  could  find,  and 
those  not  from  the  drift,  but  from  the  far  more  recent  though  still 
historically  speaking  ancient  encampments,  and  from  the  surface- 
soil  ;  and  lest  even  these  poor  chips  should  speak  and  confound  him 
before  his  hearers,  he  turns  their  faces  to  the  wall,  and  so  has  thom 
figured !' 

The  existence  of  the  more  highly  finished  forms  of  implements 
from  the  river  gravels  he  entirely  ignores. 

That  the  selection  of  these  particular  chips  (part  of  a  series  pre- 
sented by  Mr.  John  Evans,  F.R.S.,  F.S.A.,  to  the  Fitzwilliam 
Museum,  in  Cambridge)  was  designed  intentionally  to  throw  dis- 
credit upon  the  whole  inquiry,  and  also  upon  one  of  our  most  able 
investigators  and  best  authorities  upon  stono-implemcnts  of  all  ages, 
cannot  be  doubted ;  but,  fortunately,  Mr.  Evans's  high  reputation  as 

I  "This  ReTiew  appeared  in  the  'London  Quarterly  Review,'  in  October,  1871, 
bat  without  the  pictorial  illustration." — Note  by  the  Author. 

*  ETerr  one  who  has  taken  the  trouble  to  examine  a  wrought  flint  flake  will  re- 
member tnat  on  the  side  next  the  core  from  which  the  flake  was  struck  the^  are  smooth 
ind  ilifhtly  concave  longitudinally,  with  a  raised  mark  at  one  end  indicating  "  the 
bulb  of  percussion,"  whilst  on  the  outside  they  usually  show  a  ridge,  or  two  or  more 
searlj  parallel  longitudinal  ridges  or  lines,  where  other  flakes,  previously  struck  off 
the  core,  had  separated  from  them ;  or  they  ^vo  evidence  of  side-chippiugs  when  the 
flint  has  been  worked  subsequently.  The  flints  as  figured  by  Mr.  liobinson  are  but 
fragments  of  wrought  flakes,  but  they,  of  course,  conceal  any  trace  of  this  chipping 
or  CTOoving,  being,  as  we  have  said,  turned  away  from  the  sncctator,  and  only  exhibit 
their  imooth  inner  side.  Even  this  ia  bo  coarsely  and  rudely  printed  in  me  \i\^o- 
gnph  that  any  erideace  tbej  might  have  afforded  in  this  position  is  lost. 


40  Reviews — Robinson's  Flints,  Fancies^  and  Facts. 

an  antiquary  does  not  depend  upon  the  verdict  of  Mr.  William 
Bobinson ;  nor  are  these  the  only  flint  implements  of  a  rude  and 
early  type  known  in  this  country  ;  and,  moreover,  it  has  never  been 
pretended,  except  by  that  ingenious  writer,  that  any  one  of  them  is 
of  Palaeolithic  age. 

The  author  is  good  enough  to  observe  that  "so  far  as"  his  "  remarks 
are  depreciatory,  they  are  not  intended  to  apply  to  Beliqui€^  Aqui- 
tanica,  a  yet  unfinished  work,  which  is  chiefly  descriptive,  and 
illustrated  by  fine  plates,  and  which  is  published — at,  we  presume, 
considerable  pecuniary  loss — in  memory  of  Mr.  Christy,  by  his  sur- 
viving friends."  This  would  have  been  consolatory  to  M.  Lartet, 
and  no  doubt  is  so  to  the  Christy  Trustees,  and  Professor  T.  Rupert 
Jones,  the  accomplished  editor  of  the  Beliquim  Aquitaniccs. 

Of  M,  Boucher  de  Perthes,  who  died  2nd  August,  1868,^  the 
author  observes :  "  Since  this  article  was  prepared,  intelligence  has 
reached  this  country  of  the  decease  of  M.  Boucher  de  Perthes,  a 
gentleman  of  Picardy,  and  author  of  more  than  forty  volumes,  who, 
rather  than  any  other,  may  be  styled  the  founder  of  that  school 
which  has  for  the  prominent  article  of  its  creed,  belief  in  "the 
antiquity  of  man."  Mr.  Bobinson  derives  a  page  or  two  of  fun  out 
of  M.  de  Perthes  "Antiquit^s  Celtiques  et  Ant^diluviennes,"  pre- 
tending to  imagine  that  because  M.  de  Perthes  collected  queer- 
shaped  flints  (like  our  friend  Major-Qeneral  Twemlow,  of  Guildford), 
imder  the  supposition  they  were  remains  of  organic  beings,  oi 
tokens  of  human  ingenuity,  that  therefore  all  the  rest  of  the  objects 
that  his  museum  contained  were  equally  valueless  and  untrustworthy 
He  also,  as  so  many  other  writers  have  done,  ridicules  the  excite* 
ment  created  in  April,  1863,  by  the  discovery  of  the  celebrated 
Moulin-Quignon  Jaw,  associated  with  flint-implements  of  the  drift- 
type,  which  led  to  the  Conference  of  Antiquaries  and  Geologists  ai 
Paris  and  Abbeville  in  May,  1863.  Mr.  Bobinson  does  not  8tat< 
the  tnith  as  to  the  nature  of  the  evidence  relied  upon  in  th< 
case  of  the  flint-implements  from  the  valley  of  the  Somme,  when  hi 
says  "that  the  theories  which  Lyell  and  Lubbock  have  deduced  fron 
the  flint  phenomena  of  that  valley  rest  mainly,  if  not  solely,  on  the 
ingenious  frauds  of  the  workmen"  (p.  13).  So  long  ago  as  October 
1858,  Dr.  Falconer  visited  Abbeville,  and  saw  in  M.  de  Perthes  coL 
lection  (then  quite  unknown  to  fame)  genuine  flint  implements 
(agreeing  with  those  from  the  Brixham  Cave),  exhumed  by  Pertha 
himself,  and  associated  with  the  molars  of  Elephas  primigenim 
(Falconer's  Palseontological  Memoirs,  vol.  iL,  p.  597). 

"  I  arrived,"  says  Dr.  Falconer,  "  at  the  conviction  that  they  wen 
of  contemporaneous  age,  although  I  was  not  prepared  to  go  alon^ 
with  M.  De  Perthes  in  all  his  inferences  regarding  the  symbolica 
hieroglyphics,  and  an  industrial  interpretation  of  the  various  othe: 
objects  which  he  had  met  with"  (ibid,  p.  597). 

With  regard  to  the  forgeries.  Dr.  Falconer  justly  observee 
*'  The  great  demand  for  flint-implements  arises  from  the  numbe 

1  See  his  Obituary  Notice,  Geol.  Mao.,  1868,  Vol.  V.,  October  Number,  p.  487 
Momi'ear  Boucher  de  "Peithei  was  79  years  of  age  w^eu  ^«  diedu 
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of 'sbangerB  who  now  (1863)  visit  Amiens  and  Abbeville,  attracted 
hj  the  general  interest  which  the  subject  has  of  late  years 
excited.  The  supply  of  genuine  implements  proved  insufficient, 
and  the  natoral  result  followed.  Considering  the  facility  with  which 
ooonterfeits  can  be  made,  half  a  frano  per  hache  would  upon  a  con- 
oderable  sale  be  amply  remunerative,  apart  from  the  larger  sum 
derived  from  specimens  professing  to  occur  in  situ  "  (ihid,  p.  613). 

A  better  argument  in  favour  of  the  human  origin  of  these  imple- 
ments than  their  now  being  successfully  reproduced  by  human, 
though  fraudulent,  agency  can  hardly  be  conceived. 

As  T^ards  the  selection  of  such  names  for  criticism  as  those 
of  Sir  Charles  Lyell  and  Sir  John  Lubbock,  it  seems  both  necessary 
and  expedient  to  a  man  of  the  Eobinson  type  that  he  should  associate 
bis  unknown  name  with  those  of  men  of  mark  and  high  repute ; 
bat  peacocks'  feathers  do  not  conceal  the  jackdaw  beneath ;  and  the 
cbaracter  of  lion  sits  as  ill  on  the  author  as  it  did  on  Snug  the  Joiner 
in  Midsummer  Night's  Dream.  Indeed,  the  part  played  by  our 
author  is  very  much  like  Snug's,  "  for  it  is  nothing  but  roaring." 


Geologial  Society  op  London. — ^Nov.  22,  1871. — The  Bev. 
Thomas  Wiltshire,  M.A.,  F.L.S.,  in  the  Chair.  The  following  com- 
monications  were  retwi  : — 

1.  "Notes  on  some  Fossils  from  the  Devonian  Rocks  of  the 
Witzenberg  Flats,  Cape  Colony."     By  Prof.  T.  Bupert  Jones,  F.G.S. 

In  this  paper  the  author  noticed  some  Devonian  fossils  like  those 
of  the  Bokkeveld,  found  on  Mr.  Louw's  farm  on  the  Witzenberg 
Flats,  Tulbagh.  Orthoceraa  vittatum,  Sandberger,  was  added  to  the 
South-African  Hst  of  fossils.  The  fossils  under  notice  were  stated 
by  the  author  to  help  to  substantiate  the  late  Dr.  Bubidge's  view, 
that  the  old  schists  termed  "  Silurian"  by  Bain  are  of  Devonian  age, 
and  continuous  across  the  Colony.  Their  presence  in  the  Witzenberg 
Flats  was  also  shown  to  be  conclusive  against  the  idea  of  Coal- 
measures  being  found  there. 

Discussion. — Mr.  Godwin-Austen  remarked  that  the  presumed  Devonian  species 
of  South  Africa  appeared  not  to  have  been  completely  identified  with  those  of 
Suiopean  origin.  Although,  judging  from  the  range  of  Euroj)ean  marine  moUusca, 
some  of  which  were  found  of  precisely  the  same  species  both  in  Europe  and  at  the 
Cape,  there  was  nothing  surprising  in  the  extension  of  any  old  deposit,  yet  it  seemed 
unreasonable  to  suppose  that  the  whole  district  over  which  the  wiae-spread  Devonian 
rocks  extend  could  have  been  submerged  at  the  same  time.  He  traced  the  original 
foundation  of  the  Devonian  system  to  the  late  Mr.  Lonsdale,  who,  in  the  fossils  found 
m  the  deposits  of  Devonshire,  thought  he  traced  sufficient  grounds  for  a  marked  dis- 
crimination between  those  beds  and  those  of  Carboniferous  age.  Mr.  Austen  had, 
however,  always  re^rded  the  Devonian  system  as  merely  an  older  member  of  the 
Carboniferous,  holding  much  the  same  relation  to  it  as  the  Keocomian  to  the  Cre- 
taceous ;  and  he  would  be  glad  to  see  it  recognized,  not  as  an  independent  system, 
but  merely  as  the  introduction  of  that  far  more  important  system  the  Carboniferous, 
doling  the  deposit  of  which  the  globe  was  subject  to  the  same  physiographical 
conditions. 

Mr.  Etherid^e  did  not  agree  with  Mr.  Austen  as  to  the  suppression  oi  t\ie  nam^  o^ 
JkroDum  system,  and  commented  on  ita  wide-spread  distribution,  and  on  tii©  ^cuiiax 
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fmeies  of  iia  fottili,  and  their  importance  as  a  eronp.  He  waa  rather  doabtfiil  ag  to 
specific  determinationB  arrived  at  irom  casts.  Thoagh  the  species  of  many  foBsils  from 
Queensland  procured  by  Mr.  Daintree  did  not  correspona  with  those  of  European 
areas,  yet  some  of  the  corals  were  identical  with  those  of  South  and  North  Deron, 
as  were  also  the  Uthological  characters  of  the  oontainiog  beds. 

Mr.  Seeley  objected  to  any  attempt  to  supersede  the  arrangements  of  the  South 
African  rocks  in  accordance  with  the  local  phenomena,  by  correcting  them  too  closdy 
with  any  European  series.  The  recognition  of  the  correspondence  in  forms  seemed 
to  him  more  to  prove  a  similarity  of  conditions  of  life  than  any  absolute  synchronism. 
As  to  the  connexion  between  tne  Devonian  and  Carboniferous  systems,  he  agreed 
with  Mr.  Austen  in  regarding  the  one  as  merely  constituting  the  natural  base  of  the 
other. 

2.  "  On  the  Geology  of  Fernando  Noronha  (S.  lat  3**  BV,  W. 
long.  82®  5(y):*  By  Alexander  Rattray,  M,D.  (Edin.),  Surgeon 
E.N.     Communicated  by  Prof.  Huxley,  F.R.S.,  V.P.G.S. 

The  author  described  the  general  geological  structure  of  Fernando 
Noronha  and  the  smaller  islands  which  form  a  group  with  it.  The 
surface-rock  was  described  as  a  coarse  conglomerate,  composed  of 
rounded  basaltic  boulders  and  pebbles,  in  a  hard,  dark-red,  clayey 
matrix.  This  overlies  a  hard,  dark,  fine-grained  basalt,  which  forms 
the  most  striking  of  the  bluffs,  cliffs,  and  outlying  rocks.  The 
highest  peaks  in  the  group  consist  of  a  fine-grained,  light-grey, 
granite.  The  author  remarked  upon  the  possible  relation  of  the 
geology  of  these  islands  to  that  of  the  neighbouring  continent  of 
South  America,  and  stated  that  there  is  evidence  of  the  islands 
having  been  elevated  to  some  extent  at  a  comparatively  recent  period. 

3.  "  Note  on  some  Ichthyosaurian  remains  from  Kimmeridge 
Bay,  Dorset."     By  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

The  author  noticed  some  teeth  found,  with  a  portion  of  an  Ich- 
thyosaurian skull,  in  the  Kimmeridge  Clay  of  Dorsetshire.  The 
fragments  of  the  snout  were  said  to  indicate  that  it  was  abou£  three 
feet  long,  and  proportionally  stout.  The  author  indicated  the  charac- 
ters by  which  these  teeth  were  distinguishable  from  those  of  various 
known  species  of  Ichthyosaurus,  and  stated  that  they  approached 
most  closely  to  those  of  the  Cretaceous  J.  campylodon. 

Discussion. — Mr.  Scelej  did  uot  consider  that,  in  the  main,  the  teeth  of  reptilia 
afforded  any  criteria  for  specific  determination.  In  the  Cambridge  Greensand,  though 
there  were  fiye  species  of  lehthyosaurusy  possibly  including  a  second  genus,  the  t«cth 
found  were  so  closely  similar  that  it  would  have  been  impossible,  from  them  only,  to 
identify  more  than  one  species. 

Mr.  Boyd  Dawkins  recognized  in  the  specimeni  exhibited  by  Mr.  Hulke  a  form  of 
tooth  he  had  found  in  the  Kimmeridge  beds  of  Shotover,  near  Oxford,  but  which  he 
had  been  hitherto  unable  to  attribute  to  any  recognized  species.  He  could  not  fully 
agree  with  Mr.  Seeley  as  to  the  absence  of  specinc  critena  in  the  teeth  of  Saurians, 
as,  from  bis  own  experience,  he  waa  inclined  to  attribute  some  importance  to  their 
external  sculpturing. 

4.  "Appendix  to  a  'Note  on  a  new  and  undescribed  Wealden 
Vertebra,'  read  9th  February,  1870,  and  published  in  the  Quarterly 
Journal  for  August  in  that  year."  By  J.  W.  Hulke,  Esq.,  F.R.S., 
F.G.S. 

The  author  generically  identified  this  vertebra  with  Omithopsis, 

Seeley,  Streptospondylus,  Owen,  and  Cetiosaurus,  Owen,  taking  the 

last  to  be  typified  by  the  large  species  in  the  Oxford  Museum.     He 

ivmarked  that  if  this  be  the  type  of  Cetiosaurus,  C  breou,  O^^^  oaii 
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liardly  belong  to  it,  as  the  tnmk-vertebr»  are  desoribed  as  being  of 
a  totsdlj  different  structure. 

DiaotrsiioN.— Kr.  Boyd  Dawkins,  who  had  recently  visited  Oxford,  stated  that  he 
had  there  examined  the  remains  referred  to.  There  was,  however,  no  tooth  found 
with  them  of  a  character  to  show  the  nature  of  the  food  on  which  the  animal  sub- 
sisted. But  one  of  his  students  had  lately  found  in  the  same  pit  that  had  afforded 
the  remains,  a  tooth  corresponding  in  its  principal  characters  wim  those  of  Iffuamdon, 
with  which,  therefore,  the  Cetioiaurua  seemed  to  be  allied,  so  that  it  was  probably  a 
vegetable  feeder.  Mr.  J.  Parker  had  lately  procured  from  the  Eimmeridge  Clay  a 
number  of  Saurian  remains,  and  among  them  were  some  vertebrse  of  MegaloMuru»t  to 
which  were  articulated  others  presenting  distinctly  the  characters  of  Streptotpondyhu, 
He  tiiouebt  that  probably  many  of  the  supposed  Streptospondylian  vertebras  might 
prove  to  oelong  to  the  cervical  region  ot  Dmosaurians. 

If  r.  Seeley  disputed  the  attribution  to  Cetiosaurut  of  the  vertebra  described,  and 
questioned  whether  the  remains  at  Oxford  might  not  be  assigned  to  Streptotpondylut 
or  OmithopM,  The  depressions  in  the  vertebrae,  which  might  be  connected  with  the 
extension  of  the  air-cells  of  the  lungs,  did  not  exist  in  Ceiioaaurutj  but  were  to  be 
found  in  M»galo»auru».  As  to  the  premaxillary  tooth  mentioned  by  Mr.  Dawkins, 
he  was  uncertain  whether  it  should  oe  referred  to  what  he  considered  as  Oeiiosaurtu 
proper,  or  to  the  Oxford  reptile. 

Mr.  Hulke  replied,  pointing  out  that,  since  the  determination  of  the  Oxford  reptile 
as  Oetiosaurus,  numerous  other  remains  of  the  same  species  has  been  discovered  which 
had  added  materially  to  the  basis  of  classification. 

n. — December  6,  1871. — Joseph  Prestwich,  Esq.,  President,  in 
the  Chair.  Fourteen  new  Fellows  were  elected,  and  Prof.  Giovanni 
Capellini,  of  Bologna,  was  made  a  Foreign  Correspondent  of  the 
Society. 

The  President  announced  the  be^juest  to  the  Geological  Society  on 
the  part  of  the  late  Sir  Koderick  Murchison,  of  the  sum  of  £1000, 
to  be  invested  in  the  name  of  the  Society  or  of  its  Trustees,  under 
the  title  of  the  "Murchison  Geological  Fund,"  and  its  proceeds  to 
be  annually  devoted  by  the  Council  to  the  encouragement  or  as- 
sistance of  geological  investigations.  The  donation  of  the  proceeds 
of  the  Fund  was  directed  by  the  Testator  to  be  accompanied  by  a 
bronze  copy  of  the  Murchison  Medal. 

The  Secretary,  Mr.  Evans,  having  read  the  extracts  from  the  Will 
of  the  late  Sir  Roderick  Murchison  relating  to  this  bequest, 

Sir  Philip  Egerton  proposed  the  following  resolution : — That  this 
Meeting,  having  heard  the  announcement  of  the  bequest  made  to  the 
Geological  Society  by  the  late  Sir  Roderick  Murchison,  desire  to 
record  their  deep  sense  of  the  loss  the  Society  has  sustained  by  his 
death,  and  their  grateful  appreciation  of  the  liberal  bequest  for  the 
advancement  of  Geological  Knowledge  placed  at  their  disposal  by 
their  late  distinguished  Fellow. 

Mr.  J.  Gwyn  Jeffreys  seconded  this  proposition,  which  was  carried 
unanimously. 

The  following  communications  were  read : — 1.  "  On  the  presence 
of  a  raised  beach  on  Portsdown  Hill,  near  Portsmouth,  and  on  the 
occurrence  of  a  Flint  Implement  at  Downton."  By  Joseph  Prest- 
wich, Esq.,  F.R.S.,  President. 

The  author  noticed  a  section  observed  by  him  in  a  pit  ten  miles 
westward  of  Bourne  Common  and  i5ve  miles  inland  in  a  lan^  on.  \!si^ 
north  side  of  Last  Cams  Wood.     It  is  situated  at  an  eleNalion  oi 
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300  feet  above  the  sea-level,  and  shows  some  laminated  sands  with 
seams  of  shingle,  overlying  coarse  flint-shingle  with  a  few  whole 
flints,  which  the  author  regarded  as  a  westward  continuation  of  the 
old  sea-beach,  which  has  been  traced  from  Brighton,  past  Chichester 
to  Bourne  Common.  A  flint  flake  was  found  by  the  author  at  the 
bottom  of  the  superficial  soil  in  this  pit.  The  author  also  noticed 
the  occurrence  of  a  flint  implement  of  the  type  of  those  of  St 
Acheul  in  gravel  near  Downton  in  Hampshire.  This  gravel  capped 
a  small  chalk-pit,  and  its  elevation  above  the  river  Avon  was  about 
150  feet.  Two  gravel-terraces  occur  between  this  pit  and  the  river, 
— one  40-60,  the  other  80-110  feet  above  the  level  of  the  latter. 

Discussion. — Mr.  Codrinffton  stated  that,  according  to  the  Ordnance  Survey,  the 
level  of  the  pit  at  Cams  Wood  was  not  more  than  100  feet  above  the  sea,  so  toiat  it 
was  at  about  the  same  level  as  the  gravels  of  Titchfield  and  elsewhere. 

Mr.  Evans  remarked  that  the  flint  flake  from  Cams  Wood  presented  no  characters 
such  as  would  prove  it  to  be  of  Palaeolithic  age.  He  was,  on  the  contrary,  inclined 
to  regard  it  as  naving  been  derived  from  the  surface.  He  commented  on  the  height 
at  which  the  Downton  implement  had  been  discovered,  which  was,  however,  not  so 
great  but  that  the  containing  gravels  might  be  of  fluviatQe  origin.  \ 

Mr.  Gwyn  Jeffreys  thought  that  if  the  beds  at  Cams  Wood  were  marine,  some 
testaceous  remains  might  be  found  in  them.  If  these  were  absent,  he  should  rather 
be  inclined  to  regard  them  as  fluviatile. 

Mr.  J.  W.  Flower  contended  that  the  gravel  at  Downton  could  not  be  of  fluviatile 
origin.  He  thought  indeed  that  the  gravel  was  actually  at  a  higher  level  than  the 
present  source  of  the  river.  If  this  were  so,  he  maintained  that  the  transport  of  the 
gravel  by  fluviatile  action  was  impossible.  He  further  observed  that  gravels  pre- 
cisely similar,  also  containing  implements,  had  now  been  found,  as  well  in  the  Hamp- 
shire area  as  elsewhere,  the  transport  of  which,  in  his  view,  could  not  possibly  be 
attributed  to  any  existing  rivers.  At  Southampton  they  occur  160  feet  above  the 
river  Itchen  and  the  sea,  and  considerably  inland;  at  Bournemouth,  on  a  sea-cliff  120 
feet  in  height ;  and  at  the  Foreland  (at  the  eastern  extremity  of  the  Isle  of  Wight), 
on  a  cliff  82  feet  above  the  sea,  and  far  remote  from  any  nver.  If,  therefore,  these 
deposits  were  effected  by  fluviatile  agency,  it  was  evident  that  all  traces  of  the  riven 
were  afterwards  effaced  by  some  great  geological  changes,  or,  in  the  alternative,  some 
great  geological  change,  not  fluviatile,  must  have  caused  the  deposit.  Upon  the 
whole  ne  was  disposed  to  conclude  with  the  French  geologists,  as  well  as  with  many 
eminent  English  authors,  that  the  accumulation  of  all  these  superficial  drifts  was, 
as  the  late  Sir  Roderick  Murchison  had  said,  sudden  and  tumultuous,  not  of  long 
continuance :  and  thus  it  was  such  as  would  result  from  some  kind  of  diluvial  action, 
rather  than  nrom  the  ordinary  long-continued  action  of  water. 

Mr.  Judd  pointed  out,  in  contravention  of  Mr.  Jeffreys's  views,  that  in  the  Fen 
district,,  over  large  tracts  of  deposits  of  undoubtedly  marine  origin,  not  a  trace  of 
.marine  shells  could  be  found. 

Mr.  Prestwich,  while  willing  to  concede  that  the  implement-bearing  gravel-beds 

had  been  deposited  under  more  tumultuous  action  than  that  due  to  rivers  of  the 

present  day,  was  still  forced  to  attribute  the  excavation  of  the  existing  valleys  and 

the  formation  of  terraces  along  their  slopes  to  river-action.    He  showed  that  Mr. 

Flower's  argument  as  to  the  present  level  of  the  source  of  the  river  was  of  no 

Weight,  as  the  country  in  which  it  had  its  source  was  formerly,  as  now,  at  a  much  higher 

levd  than  the  gravel  at  Downton.    As  to  the  absence  of  marine  shells  at  Cams  Wood, 

he  cited  a  raised  beach  in  Cornwall  which,  in  company  with  Mr.  Jeffreys,  he  had 

examined  for  a  mile  without  finding  a  trace  of  a  shell,  though  for  the  next  half  mile 

tiiey  abounded.    There  was  the  same  difference  between  the  raised  beach  at  Brighton 

lUia  at  Chichester.    He  was  obli^^ed  to  Mr.  Codrington  for  his  correction  as  to  the 

^▼el  at  Cams  Wood,  though  the  pit  was  at  a  higher  eleyation  than  the  one  to  which 

^r.  Codrington  had  alluded. 

^2.  "  On  8ome  undescribed  Fossils  from  the  *  Menevian  Group  of 
Ie&'''   Bjr  ffenij  HickB,  Esq.,  F.QS>. 
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Iq  this  oommunication  the  author  gave  descriptions  of  all  the 
fossils  hitherto  undescribed  from  the  Menevian  rocks  of  Wales.  The 
additioxM  made  to  the  £Eiuna  of  the  Lower  Cambrian  rocks  (Long- 
mynd  and  Menevian  groups)  by  the  author's  researches  in  Wales 
during  the  last  few  years  now  number  about  fifty  species,  belonging 
to  twenty-two  genera,  as  follows  : — 

THlobites,  10  genera  and  30  species. 

Bivalved  and  other  Crustaceans,  3  genera  and  4  species. 

Brachiopods,  4  genera  and  6  species. 

Pteropods,  3  genera  and  6  species. 

Sponges,  1  genus  and  4  species. 

Cystideans,  1  genus  and  1  species. 
By  adding  to  these  the  Annelids,  which  are  plentiful  also  in  these 
rocks,  we  get  seven  great  groups  represented  in  this  fauna,  the 
earliest  known  at  present  in  this  country.  By  referring  to  the 
Tables  published  in  M.  Barrande's  excellent  new  work  on  Trilobites, 
it  will  be  seen  that  this  country  also  has  produced  a  gi-eat  variety, 
or,  rather,  representatives  of  a  greater  number  of  groups  from  these 
early  rocks  than  any  other  country.  The  species  described  included 
AgnoBius,  5  species ;  Arionellus,  1  species ;  Erinnys,  1  species ; 
Eolocephaltnaf  1  species ;  Conocoryphey  2  species ;  Anopolenus,  2 
species ;  Cyrtotheca,  1  species ;  Stenotheca,  1  species ;  Theca,  2 
species ;  Protocystites,  1  species,  etc.  The  author  also  entered  into 
a  consideration  of  the  range  of  the  genera  and  species  in  these  early 
rocks,  and  showed  that,  with  the  exception  of  the  Brachiopods, 
Sponges,  and  the  smaller  Crustacea^  the  range  was  very  limited. 

A  description  of  the  various  beds  forming  the  Cambrian  rocks  of 
St.  David's  was  also  given,  and  proofs  adduced  to  show  that  frequent 
oscillations  of  tlie  sea-bottom  took  place  at  this  early  period,  and 
that  the  barrenness  of  some  portions  of  the  strata,  and  the  richness 
of  other  parts,  were  mainly  attributable  to  these  frequent  changes. 

DiscTSsioN. — Mr.  Gwyn  Jcftreys  suggested  that  the  term  Polyzoa  might  be 
adopted  in  preference  to  that  of  Bryozoa,  as  being  the  more  ancient  term,  and  that 
the  name  I'roscrpina  should  not  be  applied  to  the  new  genus  of  Trilobites,  as  it  had 
already  been  appropriated  to  a  tropical  form  of  land-shell. 

Mr.  Hicks  thanked  Mr.  Jeffreys  for  his  suggestions,  which  he  was  inclined  to 
adopt. 

Geologists'  Association. — 1st  December,  1871. — The  Rev.  T. 
Wiltshire,  M.A.,  F.G.S.,  President,  in  the  Chair.  The  following 
paper  was  read :  "  On  the  Glacial  Drifts  of  North  London."  By 
Henry  Walker,  Esq. — These  drifts  were  described  under  the  classi- 
fication and  nomenclature  given  to  the  Glacial  deposits  by  Mr.  Searles 
V.  Wood,  jun.  They  were  traced  from  East  End  (High^ate)  and 
Muswell  Hill  to  Finchley,  Colney  Hatch  Lane,  and  Whetstone. 
The  profusion  of  chalk  found  in  the  Glacial  clay  at  these  places 
bears  out  the  designation  of  the  main  deposit  in  South-eastern 
England  as  the  great  Chalky  Boulder-clay  ;  but  it  is  also  found  that 
the  sands  and  gravels  of  the  Middle  Glacial,  which  Mr.  Wood  seems 
to  restrict  to  a  much  lower  horizon  than  Finchley,  aro  al^o  \j<^  \^^ 
found  at  these  localities.    At  Whetstone  the  Chalky  "BoxAdex-c^ty.^  \^ 
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found  OYerlying  twenty-five  feet  of  gravel  and  sands ;  and  in  the 
apparently  corresponding  beds  at  Finchley  and  Hendon  Lane  drift 
fossils  and  casts  are  occasionally  found. — Dr.  Hicks  agreed  with  the 
conclusion  that  these  sands  and  gravels  are  Mr.  Wood's  Middle 
Glacial.-^Mr.  Caleb  Evans  thought  the  heights  to  the  north  of 
London  marked  the  southern  termination  of  the  Glacial  drifts. — 
Mr.  Bott  considered  that  the  Glacial  sea  had  extended  over  the 
country  south  of  the  Thames. — Collections  of  fossils  and  boulders 
from  the  Drift  of  Middlesex  were  exhibited,  and  Mr.  J.  T.  B.  Ives 
drew  the  attention  of  the  meeting  to  a  quantity  of  peat  which  he  had 
taken  from  the  Drift. — At  the  next  meeting  of  the  Association,  5th 
January,  1872,  a  paper  will  be  read  "  On  the  Overlapping  of  several 
Geological  Formations  on  the  North  Wales  Border."  By  D.  C 
Davies,  Esq.,  of  Oswestry. 


LOCAL  MUSEUMS  AND  SCIENTIPIO  SOCIETIES.* 

Sib, — ^I  am  glad  to  see  in  the  November  Number  of  the  Geological 
Maoazine,  that  my  suggestions  with  regard  to  Local  Museums  are 
seconded  by  Mr.  Townshend  M.  Hall. 

If  the  British  Association  had  for  its  object  something  beyond  the 
reading  of  scientific  papers  and  discussions  thereupon,  part  of  its 
energies  might  be  well  expended  in  giving  an  impulse  to  scientific 
investigation  in  the  several  localities  it  annually  visits.  The  value 
of  individual  labour  in  the  cause  of  science  would  be  greatly  en- 
hanced by  the  development  of  scientific  organization  throughout  the 
country,  i.e.,  by  the  development  of  the  proper  functions  of  local  scien- 
tific societies  and  museums.  The  result  would  be  a  greater  national 
appreciation  of  the  importance  of  scientific  investigation  as  it  relates 
to  this  country ;  science  would  meet  with  greater  support,  and  the 
valuable  private  local  collections  of  Geology,  Natural  History,  and 
ArchaBology,  would  often  eventually  be  added  to  the  several  museums 
to  which  they  would  locally  belong.  The  museums  would  rise 
from  their  present  debased  position  as  curiosity  shops,  and  would 
become  valuable  storehouses  for  the  benefit  of  science  and  posterity. 
But  this  desirable  state  will  not  be  arrived  at  so  long  as  societies 
are  isolated,  and  have  merely  local  journals  of  proceedings.  It  is 
needless  to  say  what  important  results  might  arise  from  their  uniting 
their  observations  in  a  common  journal  of  science.  The  present 
system  of  societies  throughout  the  kingdom  is  like  a  vast  machine, 
of  which  the  wheels  are  unconnected ;  unite  them,  and  the  results 
m^ht  be  gigantic. 

Scientific  societies  should  always  be  in  connexion  with  a  local 
Museum,  for  the  development  of  which  the  members  should  indi- 
vidually labour  in  their  several  departments.  Private  collections  if 
undertaken  with  any  energy  soon  become  an  incumbrance.     Unfor- 

'  See  Jfatur§y  toI.  t.,  p.  35. 
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tooAtely  the  present  museums  are  iu  such  a  state  of  neglect  from  the 
want  of  competent  curators,  and  from  the  apathy  and  ignorance  of  . 
oommittees  connected  therewith,  that  they  render  the  formation  of 
local  collections  waste  of  time  and  energy,  as  they  are  unfitted  for 
their  permanent  and  efficient  preservation. 

Scientific  men  seem  frequently  to  be  so  much  engrossed  in  their 
own  departments  that  the  result  is,  the  general  interests  of  science 
UB  neglected.  This  want  of  public  spirit  is  much  to  be  regretted ; 
not  to  mention  the  jealous  spirit  too  often  exhibited,  and  their  acting, 
m  some  instances,  as  if  they  had  taken  leases  of  certain  departments 
of  Nature,  and  had  set  up  a  notice  '*  Trespassers  Beware." 

I  may  mention  that  a  museum  in  London,  as  a  centre  of  the 
pioyincial  museums,  would  be  a  great  requirement,  representing  an 
epitome  of  the  collections  throughout  the  country,  and  of  British 
Geology,  Natural  History,  and  ArohsBology.  This  should  be  the 
British  Museum.  Britiah  not  in  a  national,  but  in  a  scientific  sense. 
The  more  appropriate  term  for  the  present  British  Museum  would 
be  the  "  National  Museum  *' ;  and  it  should  confine  its  collections 
more  especially  to  the  productions  (Natural  History,  eta,  and 
Antiquarian)  of  foreign  countries.  F.  G.  S. 

NcvmUr  17M,  1S71. 

GREENLAND  METEORIC  IRON.^ 

Sib, — ^When  reading  Mr.  Forbes's  account  of  the  meteoric  iron, 
whose  occurrence  on  the  shore  of  Greenland  was  communicated  to 
the  Geological  Society  on  the  8th  November,  the  same  idea  which 
was  expressed  by  Professor  Ramsay  occurred  to  me  before  I  had  got 
as  far  as  his  remarks,  viz.,  the  idea  that  this  native  iron,  instead 
of  being  derived  extraneously  from  the  fall  of  a  meteorite,  might  be 
a  portion  of  a  "  metallic  core  of  the  earth,  brought  to  the  surface  by 
the  eruption  of  the  basalt  in  which  it  is  said  to  be  imbedded." 

But  upon  consideration  this  seems  extremely  unlikely.  Nothing 
is  more  certain  than  that  the  earth  consists  of  concentric  spheroidal 
itrata,  each  stratum  being  of  equal  density  throughout.  And  since 
the  mean  density  of  the  whole  is  fully  twice  the  mean  density  of  the 
surface,  it  follows  that  there  must  be  strata  of  great  density  within. 
Now  such  being  the  case,  it  seems  not  to  admit  of  doubt,  that  the 
more  dense  strata  will  be  there  more  deeply  situated.  Wlien,  then, 
we  consider  the  relative  densities  of  meteoric  iron,  which  is  about 
7*7,  and  of  basalt,  which  is  about  3,  it  seems  highly  improbable  that 
they  should  be  sufficiently  nearly  associated  in  the  interior  for  the 
heavier  one  to  have  been  raised  to  the  surface  entangled  in  the  lighter. 
Nevertheless  a  terrestrial  origin  appears  to  me  possible. 

From  the  analogy  of  meteoric  stones,  it  seems  very  probable  that 
our  earth  may  possess  a  central  core  of  iron.  Those  bodies  are,  as  is 
well  known,  divisible  into  stony  and  metallic.  The  former  nearly 
resemble  our  crystalline  rocks,  and  the  latter  consist  principally 

*  Other  letters  have  been  received  on  this  subject  from  Colonel  Greettwood.  «xA 
P.O.  S.,  but  wani  of  apace  precludes  their  publication  till  next  month. 
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of  metallic  iron.  If,  as  is  surmised,  these  are  portions  of  a  shattered 
planet  (or  of  more  than  one  such  planets),  tlien  that  planet  must 
have  consisted  of  a  metallic  core,  surrounded  by  a  stony  envelope 
affording  a  presumption  that  ours  is  similarly  constituted. 

The  question  may  be  looked  at  from  another  point  of  view.    We 
know  such  bodies  to  be  flying  about  in  space ;  and  it  is  highly  pio- 
bable  that  our  earth  was  formed  out  of  a  conglomeration  of  them. 
It  seems  probable,  then,  that  the  materials  of  the  earth  were  origi* 
nally  mingled  fortuitously  in  a  state  of  fusion,  arising  firom  the  hest 
developed  by  the  collision.     So  long  as  the  heat  was  sufficiently 
great  to  keep  the  whole  in  a  liquid  state,  in  spite  of  the  presson 
arising  from  the  mutual  gra\'itation  of  the  parts,  the  heavier  materiilf 
would  continue  to  fall  towards  the  centre,  and  thus  produce  a  metallic 
core.     But  this  process  would  possibly  be  imperfect  in  some  parh, 
either  o^^-ing  to  the  superficial  portions  being  cooled  to  the  limit 
of  the  melting  point  for  the  pressure  too  soon  for  the  precipitation 
to  l>e  vx^nipletod.  or  i^rhaps  from  meteorites  arriving  aflerwardi, 
when  tlio  superficial  layers  had  become  too  viscid  for  them  to  sink 
throuirh  to  their  proj^er  stratum.     Tlie  subsequent  contraction  of  tbe 
whole  l»onoath  a  coi^leil  crust  might,  as  I  have  suggested  elsewhere,* 
cause  subjacent  n.x?k  to  pass  into  a  fluid  state,  owing  to  decreaaed 
pressure  beneath  mountain  elevations,  and  thus  basalt  containing 
metallic  masses  might  be  erupted. 

I  wish  that  the  report  given  in  the  Magazine  had  described  the 
forms  of  the  masses  of  iron,-  which  I  believe  are  generally  of* 
similar  angular  character  in  most  meteorites.  0.  Fisheb. 


TERRACES   IX   NORWAY. 

Sir. — Allow  me  to  express  my  regret  to  Colonel  Greenwood  for 
having  misunderstood  him,  and  to  assure  him  that  I  did  not  write 
without  his  letters  before  me.     Tlie  mistake,  which  I  now  see  to  be 
my  own,  was  jjartly  due  to  my  not  understanding  the  word  "inland 
in  exactly  the  same  sense  as  he  had  done, — a   misunderstanding 
caused  to  some  extent  by  my  experience  in  Norway,  where  terraoeB 
which  ho  would  call  "marine"  occur  some  distance  away  from  the 
sea ;  his  reference  to  Glenroy  also  helped  to  increase  the  confusion. 
In  the  other  matter,  we  are  using  the  word  "  cause "  in  a  slightly 
diflforent  sense.     I  know,  of  course,  that  in  one  case  there  is  upheaval? 
in  another  lowering  of  the  river  bed,  but  each  makes  the  water  run 
quicker,  and   thiit — the  nmning  water — I  have  called  the  cause. 
With  this  expression  of  my  regret,  both  for  having  misimdeistood 
Colonel  Greenwood  and  for  being  still  unable  to  accept  his  theory? 
I  must  occupy  no  more  of  your  space  on  this  matter. 

T.  G.  Bonnet. 

^  Cam.  Phil.  Trans.,  vol.  xi.,  part  iii. ;  and  Geol.  Mao.,  Vol.  V.,  p.  493,  tno 
Vol.  VI.,  p.  45. 

'  Nonrly  every  sfo>ie  meteorite  preserves  its  true  external  dark  vitrified  coat;  b^' 
meteoric  iron  corrodes  and  rusts  so  rapidly  on  its  exterior,  that  the  original  fona  o' 
^^^o  muss  is  seldom  preserved.— Edct.  Oeol.  "Mko. 
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L — ^Nom  OH  BOMS  Fossil  Plants. 
Bj  Wqxiim  CA&BUTHZBSy  F.R.8.,  etc. 
(PLATE  II.) 

IT  is  known  that  the  friends  of  the  late  distinguished  palsaonto- 
logist  and  naturalist,  Hugh  Falconer,  established  a  Fellowship 
in  memory  of  himself,  and  in  connexion  with  the  University  of 
Edinburgh.     This  Fellowship  is  especially  intended  to  encourage 
the  study  of  palssontology.    To  give  to  botanical  students  who  may 
devote  their  attention  to  the  investigation  of  fossil  plants  a  fair 
opportunity  of  securing  a  Falconer  Fellowship,  Professor  Balfour 
intends,  as  he  informs  me,  to  devote  more  time  in  his  lectures  to 
vegetable  palsdontology,  and  he  has  prepared  a  carefully  revised  and 
enkiged  edition  of  that  portion  of  his  Class-book  devoted  to  this 
nbject,  which  will  be  published  separately,  and  will  supply  a  long 
denderated  manual,  not  only  to  the  students  of  his  own  class,  but  to 
itndents  in  all  institutions  in  which  botany  is  treated  in  a  scientific 
method.     Having  obtained  Prof.  Balfour's  permission  to  use  one  of 
flie  plates  and  some  wood-cuts  which  have  been  prepared  under  my 
direction,  to  illustrate  this  separate  publication,  I  now  employ  them 
for  the  purpose  of  recording  some  notes  bearing  upon  the  subjects 
figured,  and  which  I  have  not  yet  published. 
1.  PakBopleria  Hihemica,  Schimper. 

Tlie  Plate  selected  is  devoted  to  fossil  Ferns.  The  principal 
figure  IB  a  restoration  of  a  frond  of  the  Devonian  Fern,  first  recognized 
in  the  Tellow  Sandstones  of  the  South  of  Ireland,  and  named  by 
Edwud  Forbes  Cyclopterta  fftbemica  (Brit.  Assoc.  Hep.,  1852,  p.  43). 
Bt  obMrred  that  it  did  not  belong  to  Brongniart*s  limited  genus 
but  that  its  large  bipinnate  fronds  had  the  aspect  of  a 
In  a  letter  from  Brougniart  to  Sir  liichard  Griffith, 
in  1857  (Nat.  Hist.  Rev.,  vol.  iv.  Proc.  Soc.,  p.  215),  the 
writer  points  out  the  affinities  of  the  Fern  to  the  species  included  in 
flia  gennB  Adiantiies,  but  adds  that  it  is  so  dififerent  from  the  other 
species  that  it  forms  perhaps  a  distinct  genus.  The  discovery  of 
iiertile  spedmen^  EnaUjr  established  the  generic  distinctness  ot  \]i;iQ 


so  W.  Camtim^ — Jam  jn  Foail  PlamiM^ 

Fem :  and  Scfaimper.  in  bis  Taite  ie  PaL  V«s!eL  <  tqL  L  p.  457), 
proposed  the  xenna  PfiLgoptert*  i)r  diis  jmi  inir  •ither  special  wUdl 
he  aaaociatea  with  it.  Hie  baa  zivoL  an  jdmunble  ngore  of  m  poitiai 
of  a  tend,  and  a  Leaa  'Xfrrccx  me.  3a  I  beiie^e.  of  a  fstOe  pimia 
(pL  xxxvL).  More  recemiv.  Mc.  BailT  haa  xiveaEL  a  reatondoo  of 
the  Fem  in  hia  Figm^es  at  <ZhatactEiiKic  BrfriHh  Foaails  (pL  zxrm. 
fig.  1.)  Hid  repreaenta  ic  la  a  «mewhac  'ieitoid  fiRmd,  30  in.  low 
by  25  in.  broad  with  12.  duuuel  The  ^rpecimena  I  have  eauminea 
are  much  Ionizer  ni  proportion,  oj  dieir  width,  and  agree  widi  tlie 
description  Schrmper  xi'^es  or  duar  fi)rm.  diac  it  ia  bnadlj  ovata- 
lanceolate.  In  one  specimen  in  the  collection  oi  die  Brxtudi  Xnaema, 
19  pinnae  are  shown  in.  oi  length  of  2  ft.  ^  in.,  and  tiie  fragment 
is  without  baae  or  apex.  The  longeat  pinna  in  this  specimen  is 
11  inches. 

The  stipes  were  diick,  of  consderable  lengdu  and  dothed  widi 
large  scales,  wiuch  firmed  a  >iense  covering  at  the  aomewhal 
enlarged  baae.  The  well  delined  separation  which  I  hare  obaerred 
in  several  specimens,  and  which  is  "shown  in  Mr.  Bailj's  figure,  aa 
well  aa  in  that  which  accompanies  this  paper,  probably  indicatea  that 
the  stipes  were  articulated  to  die  stem  or  fireely  a^Mzated  from  it^ 
and  some  slender  root-like  structures  which  occur  on  the  alaba  with 
the  fema  may  be  their  creeping  rhizomes.  The  pinnse  are  linear, 
obtuse,  and  almost  sessile.  The  pinnules  are  numeroua,  overlapping^ 
of  an  ovate  or  oblong-ovate  form,  somewhat  cuneate  below,  and  with 
a  decurrent  base.  The  veins  are  very  numerous,  uniform,  repeatedly 
dichotomous,  and  run  out  to  the  margin^  where  they  form  a  ali^t 
serration.  Single  pinnules  rather  larger  than  those  of  the  pinne  are 
placed  over  the  free  spaces  of  the  rachis,  as  was  pointed  out  bj 
Brongniart.  I  have  not  met  with  any  recent  fem  in  which  this 
occurs ;  but  it  has  been  observed  in  several  fossil  species,  aa  in  the 
allied  American  P.  HcdUanOy  Sch.,  in  SpkenaptertM  eroMOj  Morzisy  and 
others. 

Scbimper  describes  the  fertile  pinnules  as  situated  in  the  middle  of 
the  pinnae,  and  consisting  of  numerous  pedicellate  fascicles  of  son, 
borne  on  the  primary  nerve.  The  sorus,  he  says,  i^  club-shaped, 
and  the  vein  on  which  it  is  borne  is  continued  to  the  apex  of  the 
segment.  In  some  specimens  in  the  British  Museum  all  the  lower 
pinnae  are  entirely  fertile.  I  am  satisfied  that  the  ovate-oblong  sori 
are  generally  single,  and  not  clustered  (Fig.  4.),  and  are  two-lipped, 
the  slit  passing  one-third  of  the  way  down  the  sorus.  The  vein  is 
continued  as  a  free  receptacle  in  the  centre  of  the  cup  or  cyst,  as  in 
exiHting  Hymenophyllea,  in  which  it  is  included,  not  reaching  beyond 
it^  entire  portion.  In  some  specimens  the  receptacle  is  broad  or 
thick,  indicating  the  presence  of  something  besides  itself  in  the  cup, 
and  Ki^i"K  ^^^  appearance  that  would  be  produced  if  it  were  covered 
with  fi|M)ningia;  I  cannot,  however,  detect  any  indication  on  the 
oiit.i*r  Riirffujo  whicli  might  have  been  expected  from  the  individual 
sponin^ifi.  The  com]>rusHion  of  the  specimens  in  the  rock,  which 
liAN  tniidff  tlid  fr<*n  rocojitncle  appear  like  a  vein  on  the  wall  of  the 
Off//,  ^f/ff'thvr  with  iho  highly  altered  condition  of  the  rook  in  which 
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Ae  foflflils  are  contained,  aocount  for  the  imperfect  preservation  of 
the  nuDiite  Btmotores. 

The  interpretation  which  I  have  here  given  of  the  fructification  ot 
dw  interesting  fossil,  exhihits  so  close  a  resemblance  to  what  we  find 
m  the  living  genus  HymenophyUum,  that,  were  it  not  for  the  vegeta- 
the  portions,  I  would  without  hesitation  place  it  in  that  genus.  But 
inanniieh  as  the  arborescent  Lycopodiacece  of  the  Palaeozoic  rocks, 
vhOe  agreeing  in  all  the  essentud  parts  of  their  reproductive  organs 
with  particular  existing  genera  of  the  order,  as  1  have  elsewhere 
shown,  are  properly  placed  in  distinct  genera,  so  this  fern,  removed 
in  precisely  the  same  way  from  the  known  living  forms,  requires  a 
gieneric  designation.  The  large  size  and  obviously  firm  texture  of 
the  frond  is  in  remarkable  contrast  with  those  membranaceous  fronds 
of  the  living  forms  which  have  secured  for  them  the  popular  name 
of  "  Filmy  Ferns."  But  the  New  Zealand  genus  Loxsoma  has  large 
deoompound  sub-coriaoeous  fronds,  and  though  on  this  account  it  is  a 
■omewhat  aberrant  form,  nevertheless  the  cup-shaped  involucre,  free 
central  receptacle,  and  sessile  oblique-ringed  sporangia,  place  it 
beyond  doabt  among  the  ITymenophyllea.  In  the  form  of  the  pinnules, 
Loxtoma  is  not  unlike  Falaapteri8;  the  venation  of  the  fossil  is 
however  more  flabellate,  and  the  veins  are  more  numerous  and  equal- 
Bzed ;  but  that  there  is  a  true  though  indistinguishable  costa  in  each 
pinnule,  as  in  Loxsoma,  is  obvious  front  the  fertile  pinnse,  wliere  the 
pinnule  is  reduced  to  th^  much -enlarged  coRta  with  the  short  veins 
bearing  the  cysts.  This  absorption  of  the  parenchyma  in  Palaopteris 
is  very  different  from  what  occurs  in  Loxsoma ;  but  in  the  small 
Central  American  Uymenophyllaceous  genus  Feea  we  find  the  fertile 
firond  reduced  to  its  rachis,  with  a  series  on  either  side  of  short 
pedicels  (representing  the  costos  of  the  segments)  supporting  each  a 
Trichomanoid  cyst.  The  uniform  flabellate  veins,  which  suggested 
to  Brongniart  the  genus  Adiantitea,  though  not  the  familiar  form 
of  venation  in  the  Filmy  Ferns,  do  occur  in  some  species,  especially 
among  the  simple  fronded  fonns. 

2.  Sporangia  of  Ferns  in  the  Coal-measures, 

I  have  met  with  an  interesting  confirmation  of  the  existence  of 
true  Hymenophyllea  in  Palaeozoic  formations  in  the  discovery  of 
Sporangia  belonging  to  this  group  of  Ferns  in  the  Coal-measures. 
The  sporangia  are  the  cases  in  which  the  sjwres  are  formed.  They 
are  divided  into  two  great  groups,  by  the  presence  or  absence  of  an 
elastic  ring,  technically  called  an  annulus.  The  annulate  sporangium 
consists  of  a  cellular  sac,  an  articulated  ring,  which  is  either  vertical 
[Pclypodiea),  oblique  (Hymeuophylleee  and  Cyathefe),  or  horizontal 
(Gleicheniacea),  and  generally  a  pedicel.  The  articulated  ring  is 
hygrometrically  elastic,  and,  when  the  capsule  is  ripe  and  the  atmo- 
sphere drj',  it  tears  the  little  sac  and  lays  it  open  with  such  a  sudden 
spring  as  to  scatter  the  spores.  In  the  vertical- ringed  sporangia,  the 
ring  is  continued  into  a  long  slender  pedicel  (Fig.  7).  Those  with 
oblique  rings  are  attached  to  th  receptacle  by  the  cellular  substance 
of  the  sac  (CyatheeB),  or  by  a  short  tliick  pedicel  developed  from  t\vi6 
sac  {Hymenophyllea),  Fig,  6,     The  sporangia  which  I  have  obV^dxn^di 
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in  sections  of  calcareons  nodules  from  the  Coal-measnFeB  at  Oldham 
(Fig.  5),  prepared  by  Mr.  Norman,  have  all  the  characters  whidil 
have  given  as  characteristic  of  those  of  HymenophyUut.  They  an 
larger  than  the  sporangia  of  Polypodium  vul^are  (Fig.  7),  and  even  thm 
those  of  HymenophyVum  Tunhridgenae  (Fig.  6),  but  they  agree  ^vith 
them  in  their  form,  the  nature  and  position  of  the  ring,  and  the  ibim 
of  the  pedicel.  I  cannot  venture  to  oo-relato  them  as  yet  with  any 
fern  of  the  Coal-measures,  but  I  trust  that  a  more  cardTul  ezamini- 
tion  of  Carboniferous  ferns  may  lead  to  the  detection  of  fertile  speoi-  • 
mens  of  this  type. 

3.  Osmundites  Dovokeri,  Carruthers. 

A  transverse  section  of  the  stem  of  a  Boyal  Fern  {Osmndiim 
Dowkeri,  Carr.),  from  the  Lower  Eocene  of  Heme  Bay,  is  given  in 
Fig.  8.  This  has  lieen  already  figured  and  fully  described  in  the 
Quart.  Joum.  Qeol.  Soc.  1870,  p.  349.  pi.  xxiv.  and  zxv.  The  sectioB 
shows  the  slender  axis  surrounded  by  the  bases  of  the  stipes,  eadt 
with  ita  unbroken  lunate  vascular  bundle.  The  tissues  are  so  beauti- 
fully preserved  that  even  the  starch  grains  filling  some  of  the  oeUl 
are  silicified,  as  well  as  the  ramifying  mycelium  of  a  fungus  which 
had  attacked  the  fern  (Fig,  9).  No  foliage  has  been  found  in  Eocena 
beds  at  Heme  Bay,  but  the  peculiarities  of  the  stem  stractore  ais 
fully  sufficient  to  establish  the  affinities  of  this  fossil. 

4.  AnthoUthes,  Brongn.     Cardiocarpon,  Brongn. 

The  name  Aiitholiihes  was  proposed  by  Brongniart  (Mem.  da  Mus. 
d'Hist.  Nat.,  vol.  viii.,  1822,  p.  319)  for  two  forms  of  detached 
flowers  from  Monte  Rolca,  which  he  thought  were  referable,  the  one 
probably  to  Liliaccoe,  aiid  tlie  other  to  NymphcBacecB,  A  very  different 
plant-fragment  from  Carlx)niferou8  rocks  was  referred  by  Lindley  to 
the  same  group  with  the  Eocene  flowers,  under  the  name  of  A, 
PitcairnicB  (Foss.  Flor.,  1833,  pi.  82).  The  remarkable  caution  of  this 
distinguished  botanist  is  in  striking  contrast  to  the  dogmatic  assertions 
of  some  students  of  Pula'ontological  Botany  who  have  followed  him. 
He  says  :  '*  This  is  beyond  all  doubt  the  remains  of  the  infiorescenos 
of  some  plants  but  it  would  puzzle  the  most  ingenious  specu- 
lator to  find  a  single  character  in  the  fossil  upon  which  a  positive 
opinion  as  to  its  original  nature  can  be  formed.  .  .  .  All  that  can  be 
said  is  that  there  is  a  tolerably  distinct  appearance  of  a  calyx,  which 
seems  to  have  inclosed  petals  much  longer  than  itself;  this  taken 
together  with  the  probability  that  it  owes  its  preservation  to  its 
having  been  originally  of  a  hard  and  indestructible  texture,  has  in-> 
duced  us  to  name  it  as  if  it  had  been  allied  to  some  of  the  recent  tribe 
of  Bromelias,  to  which,  especially  the  genus  Pitcatmia,  it  has  as  mnch 
resemblance  as  to  anything  else."  In  1840  Mr.  Prestwich,  in  his 
well-known  Memoir  on  Coalbrook  Dale  (Trans.  Greol.  Soc.,  2nd  ser., 
vol  v.,  pi.  xxviii.,  fig.  5),  gave  drawings  of  another  fossil  allied  to 
A.  Pitcairnia,  which  was  described  by  Professor  Morris  under  the 
name  A,  anomalua,  and  characterized  as  having  the  "  calyx  apparently 
shorter  than  the  petals  (?),  furnished  with  a  small  lanceolate  bracty 
stigma,  or  carpella  (?)  bilocular,  elevated  upon  a  long  curved  fila- 
ment,'*     These  ^iamentous  appendages,  liQ  xi^hU^  oonaidered  as 
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^  to  the  notion  that  the  fossils  were  related  io  Bromeliacea, 

tie  suggested  comparisons  with    Orohanche,  Hedychium,  and 
1 

ipert,  in  his  Permian  Flora,  figures  an  Antholite  (pi.  xxi., 
S),  which  he  considers  to  he  the  inflorescence  of  NdggercUhia, 
IB  placed  hy  him  among  the  monocotyledons ;  while  Ettings- 
i,  on  the  other  hand,  helieves  the  forms  he  found  in  the  Coal- 
res  at  Stradonitz  to  he  the  fruits  of  Calamitea  ("  Steinkohlen- 
Stradonitz/'  pi.  v.,  fig.  1-8).  He  describes  the  bracts  and 
as  borne  in  an  opposite  and  alternate  manner  on  the  common 
de,  overlooking  the  struotoral  consideration  that  the  phyllo* 
»f  Ccdamites  demands  a  verticillate  arrangement  in  the  floral 
Principal  Dawson  figures  several  forms  in  his  "  Memoir  on 
tnditions  of  the  Deposition  of  Goal "  (Quart  Joum.  G^l.  See., 
pL  viL,  fig.  29  and  30),  and  two  additional  forms  from  De- 
i  strata  in  his  Acadian  Oeology  (p.  555,  fig.  194  e  and  /). 
f  the  latter,  Trigonocarpon  racemomm,  Daws.,  is  figured  with 
(Acad.  G^oL  Lc.)  or  with  shortly  pedicellate  fruits  (Foss.  PI. 
ron.  and  Sil.  Form.,  1871,  pi.  xix.,  fig.  227a).  A  fragment  of 
1  with  sessile  fruits  is  figured  in  Prestwich's  Memoir,  to  which 
re  alluded  (GeoL  Trans.,  ser.  2,  vol.  v.,  pi.  38,  fig.  5,  specimen 
St  to  the  right).  I  have  made  a  drawing  of  a  similar  sessile- 
l  Antholite  in  the  Museum  at  Manchester,  but  I  have  not  been 
»  re-exam iue  the  fine  series  of  Antholites  in  that  Museum  in 
don  with  my  present  inquiry.  It  appears,  therefore,  that 
Antholites  had  sessile  fruits,  and  it  is  very  probable,  as  Dr. 
•n  believes,  that  these  may  be  the  pedimcles  of  different  species 
ibdocarpos  and  Trigonocarpon.  But  that  these  spicate  in- 
snces  and  their  fruits  belong  to  Sigillaria^  is  opposed  to  the 
ations  of  Groldenberg,  which  have  been  confirmed  by  subse- 
observers,  as  well  as  to  the  analogy  of  the  fructification  of  the 
dosely  related  Carboniferous  Lycopodiacea.^ 
des  these  sessile-fruited  Antholites  there  is  another  group,  in- 
^  in  it  the  two  British  Carboniferous  forms  to  which  I  have 

re  is  a  group  of  CarbonifeFous  fossils  having  remarkable  amorphous  out- 
ich  so  resemble  the  Tegetatire  portions  of  the  Podoatemnwcea  (to  which  Laeis 

Uiat  I  hare  for  some  time  been  looking  out  for  eyidence  to  confirm  or  set 
r  suspicion  that  they  belong  to  this  order.  The  plants  to  which  I  refer  are 
Deluded  in  Schimper's  genus  Racophyllum  (Traits  Pal.,  vol.  i.,  p.  684^,  and 
1  by  him   to  be  the  primary  fronds  of  ferns.      The  physical  conaitions 

•t  the  time  when  the  shales  of  the  Coal-measures  were  being  deposited 
^ecially  suit  the  habits  of  this  curious  order  of  plants,  the  foliage  of  which 
aspect  of  thallogenous  cryptogams,  while  the  reproductive  organs  are  those  of 
Ions. 

!  phrase  *'  corresponding  to  "  is  somewhat  Yague,  but  I  cannot  understand  in 
Me  it  is  used  by  Dr.  Dawson  in  the  following  statement  made  regarding  the 
be  spike  in  his  Memoir  already  quoted  (Quart.  Joum.  Qeol.  Soc.,  vol.  xxii, 
and  repeated  in  the  second  edition  of  his  Acadian  Geology  (p.  438).  "Such 
lay  be  regarded  as  corresponding  to  a  leaf  with  fruits  borne  on  the  edges,  in 
ner  of  the  female  flower  of  Cyeaa.'**  I  fail  to  see  that  any  correspondence 
t  between  so  complex  a  structure  as  a  primary  axis  bearing  not  only  its  owu 
tpeoda^et^  bat  in  their  axih  secondary  ieaf- bearing  and  firult-beanng  axci&^ 
umpleopen  c&rpellary  leaf  of  Cyeas. 
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referred,  and  whicli  are  distinguished  by  possessing  the  long  linear 
processes  proceeding  from  the  bud,  that  were  supposed  by  Lindley  to 
be  petals,  and  by  Morris  as  either  a  style  or  carpellary  pedicel.    After 
examining  a  large  series  of  Antholites  in  different  museums,  and  ob- 
serving the  sessile-fruited  specimens  in  the  Manchester  Museum,  I 
had  come  to  the  same  conclusion  with  Prof.  Morris,  that  they  wen 
styles  with  somewhat  dilated  stigmas,  and  I  saw  reasons  for  co- 
relating  them  with  the  Orohanchea,     This  opinion  I  communicated 
to  Sir  Charles  Lyell,  and  it  was  introduced  by  him,  on  my  authority, 
into  his  Students'  Manual  (p.  412).     But  this  work  had  scarcely 
issued  from  the  press  when  Mr.  Peach  submitted  to  me  some  import- 
ant specimens  which  he  had  discovered  in  the  Carboniferous  shales 
near  Falkirk.   These  threw  a  new  light  on  the  nature  of  the  processes 
exserted  from  the  axillary  bud,  and  showed  that  they  were,  as  Morris 
had  suggested,  pedicels  of  fruits.   The  specimens  described  by  Morris 
were  somewhat  obscure ;  but  there  can  be  no  doubt  about  those  belong- 
ing to  Mr.  Peach,^  and  the  information  they  ^ve  clears  up  the  obscu- 
rities of  the  earlier  specimens.  I  have  been  still  further  aided  by  a  speci- 
men of  A,  anomalm,  Morris,  in  the  British  Museum,  preserved  in  an. 
ironstone  nodulo  like  those  from  Colebrook  Dale,  but  said  to  be  from 
Derbyshire.    This  specimen  still  retains  somewhat  of  its  original  bulk, 
but  the  tissues  have  disappeared,  and  the  space  occupied  by  them  is 
filled  with  a  little  carbonaceous  matter,  but  chiefly  with  crystals  of 
calcite  or  vnth  allophane. 

When  Brongniart,  in  the  infancy  of  Palaeontological  Botany, 
proposed  the  name  Antholithes,  he  included  in  the  group  to  which  he 
applied  it  two  fossils  that  belonged,  as  he  believed,  not  only  to  two 
different  orders,  but  to  orders  so  widely  removed  from  each  other 
that  the  one  is  monocotyledonous  and  the  other  dicotyledonous.  This 
cannot  of  course  be  accepted  as  a  generic  group.  Such  vague  terms 
as  this  and  Fkyllitea,  CarpoUtheSf  etc.,  were  at  the  time  necessary ;  but 
it  is  ob^dous  that  they  must  be  set  aside,  in  regard  to  one  or  more  of 
the  objects  included  under  them,  as  soon  as,  in  the  progress  of  inves- 
tigation, the  true  naturo  of  these  objects  is  ascertained.  Thero  is  the 
less  reason  for  hesitating  to  set  aside  the  familiar  name  Antholithes, 
in  the  case  before  us,  inasmuch  as  the  fruits  which  Prof.  Morris  and 
Mr.  Peach  have  found  associated  with  these  fossils  have  received  the 
characteristic  generic  name  of  Cardiocarpon.  As  one  of  the  names 
must  be  suppressed,  it  is  obviously  desirable  to  place  that  one  among 
the  synonyms  which  is  in  its  very  nature  temporary,  and  not  truly 
generic.  Besides,  the  Carboniferous  species  could  not  now  be  in- 
cluded under  the  same  generic  designation  with  the  Eocene  flowers. 

The  genus  Cardiocarpon  was  established  by  Brongniart  (Prod.  p.  87) 
for  several  lenticular,  compros8ed,obcordate  or  roniform,  and  acuminate 
fruits,  which  occur  in  the  Coal-measuros.  He  considered  them  to  be 
the  fruits  of  Lepidodendroid  plants,  and  in  this  opinion  he  was  followed 
by  linger  and  Endlicher.  He  enumerates  five  species,  but  gives  no 
descriptions  whereby  they  can  be  identified.     Lindley  and  Hntton 

'  Tbefie  Bpedmena  are  now  in  the  coUeclioii&  oC  tbi^  Q^olo^^cal  Department  of  the 
-BdtJBb  Museum, 
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(Von.  Flora,  pL  76)  mamtamed  that  they  vere  trae  fruiU,  but  they 
««n  not  able  to  indicate  their  affinities.  Quppert  and  Berger  (De 
Aoct  et  Sem.  Form.  Lith.  p.  15)  make  them  diootjledonoua  fruits 
flf  dmbtiiil  affinity ;  and  DaweoQ,  in  hia  reoently-pabliahed  Memoir 
■I  Pre-Carboniferona  Planta  (p.  61),  advooates  their  being  gynmo- 


Hw  materiala  to  irhioh  I  have  referred  enable  me  to  give  the 
Ulowing  desoriptioa  of  the  genns: — CaTdioearpon,  Brongn.,  Prod. 
(1888)  p.  87.    A*&olithet,  LindL  and  HutL,  FobbU  Flora,  pL  62 


CarHetarpcM  Uailiiyj,  Cut.    CMl-nuunni,  Falkirk. 

of  the  inflorescence  simple,  stout,  and  marked  exfer- 
itUy  with  interrupted  ridges.  The  base  is  always  broken  off 
wiUi  an  irregular  margin,  and  without  any  indications  of  an 
trtictilating  surface.  The  axis  bears  in  a  distichous  manner  sub- 
oppoaite  or  alternate  bracts  of  a  linear  or  linear-lanceolate  form  and 
with  decQirent  base.  In  the  axils  of  the  bracts  are  developed  flower- 
Itke  leaf-bearing  buds,  and  from  them  proceed  three  or  four  linear 
pedioelB  which  terminate  upwards  in  a  somewhat  enlarged  trumpet- 
■haped  apex.  To  this  enlaced  artionlating  surface  was  attached  the 
frnit  to  which  has  been  given  the  generic  name 
Car^ocarpon.  The  place  of  attachment  is  in- 
&at«d  by  the  short  straight  line  which  separates 
the  cordate  lobes  at  the  base  of  the  fruit  The 
frtiit  is  flattish,  broadly  ovate,  with  a  cordate  base 
and  nibacute  apex.  It  consists  of  an  outer  peri- 
csip,  inclosing  an  ovate-acute  seed.  That  the  peri- 
carp was  of  some  thickness,  and  formed  probably  ^ 
a  nibindarated  rind,  is  shown  by  a  specimen  undieiii.OaT.  Xwioe 
preoerred  in  the  round  in  the  collections  of  t)»i  ™"'™i  ■'*»■ 
the  BritisI)  Unseum.  A  specimen  somewhat  similar  to  this  is 
that  to  which  <36ppert  and  Berger  have  given  the  name  C.  oper- 
edatuM  (Lc,  p.  23,  pi.  ii.,  fig.  21)  ;  it  has  lost  from  the  fignred 
■ide  the  perisperm,  and  has  the  seed  exposed.  In  the  figures  and 
desoriptions  of  this  and  other  species  of  CarcUoearpon  by  those 
nthors  the  fruits  are  turned  npside  down.  The  pericarp  ia  Ai\ftle4 
mmnd  the  margin  of  tbe  seed,  and  gives  to  the  conipreeBed  fruit  tiia 


A 
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appearanoe  of  being  posseflsed  with  a  marginal  wing.  This  margiail 
dilatation  retamB  to  the  seed  at  the  place  of  attachment  of  tbe 
pedicel,  and  produces  in  this  way  the  cordate  base  which  is  chane- 
teristic  of  the  fruits.  The  pericarp  is  also  open  at  the  apex ;  and  the 
elongated  tubular  apex  of  the  perisperm  passes  up  to  this  opening. 
The  seed  forms  a  distinct  swelling  in  the  centre  of  the  fmiC  and  a 
slight  ridge  passes  up  the  middle  to  the  base  of  the  apical  opening. 

In  endeavouring  to  interpret  the  meaning  of  these  structures,  we 
find  that  there  are  some  points  about  which  there  still  exists  great 
obscurity.  First,  what  is  the  nature  of  the  leaf  organs  of  the  axmaiy 
bud  ?    Are  they  the  parts  of  a  floral  envelope,  as  was  supposed  bj 
Lindley  and  Hutton?    The  specimens  are  generally  preserved  in 
shale  as  flattened  carbonized  impressions,  so  that  it  is  very  difficult 
to  determine  with  anything  like  precision  the  arrangement  of  the 
parts.    They  appear  to  me  to  be  leaves  spirally  arranged  on  a 
shortened  axis ;  and  this  opinion  is  strengthened  by  Mr.  Prestwicb'e 
drawing  of  the  species  described  by  Prof.  Morris,  and  by  a  specimea 
of  the  same  species  in  the  British  Museum,  in  both  of  which  the  axis, 
is  considerably  elongated,  and  the  leaves  rise  at  different  levels  from 
the  elongated  axis.    The  fruit  pedicels  spring  from  among  the  leaves, 
and  apparently  terminate  the  axis ;  but  it  is  prebable  that  they  are 
axillary  to  the  foliar  organs.     The  fact  that  several  pedicels  spring 
from  each  bud  is  opposed  to  the  notion  of  the  foliar  organs  being 
parts  of  a  floral  envelope.^    There  are  no  appendages  to  the  apex  of 
the  fruit,  and  I  can  detect  no  scars  of  appendages  at  the  base  where 
the  pedicel  is  articulated  to  the  fruit.     It  appears  to  have  been 
achlamydeous,  and  was  probably  also  dioecious.    The  aspect  of  the 
fruit  as  it  is  ordinarily   preserved   agrees  remarkably   with  that 
of  a  single  fruit  of  Welwitschia.      It  has  an  apparently  winged 
pericarp,  inclosing  a  seed,  the  integument  of  which  is  produced  into 
a  styliform  process,  that  passes  through  a  canal  in  the  pericarp. 
But  the  thickened  pericarp  suggests  a  Taxineous  fruit,  with  which, 
from  the  description  I  have  given,  it  will  be  seen  that  it  has  many 
points  in  common.    In  Taxineat  however,  the  fruit  is  terminal,  gene- 
rally solitary  and  sessile,  with  a  more  fleshy  pericarp.  On  the  whole, 
I  am  inclined  to  consider  Cardiocarpon  as  a  Gymnosperm  of  an  extinct 
type,  confined  as  far  as  is  yet  known  to  the  Palseozoic  rocks. 

There  are  two  easily  distinguished  species  of  Cardiocarpan  found 
in  British  rocks  associated  with  spicate  inflorescence.    These  are: — 

1.  C.  lAndleyi,  Carr.  Woodcuts,  Figs.  1  and  2  (AnthoUthe$  PiteaimuB, 
Lindl.  and  Hutt,  Foss.  Fl.,  pi.  82,  ig,  2).  Spike  with  sub-opposite 
axillary  axes,  bearing  four  to  six  lanceolate  leaves  and  three  or  four 
pedicels.  Primary  bracts  short  and  emanate.  Fruit  ovate,  cordate  with 

^  My  colleague,  Dr.  Trimen,  has  pointed  out  to  me  the  remarkable  fhiits  of  Mr.  Miers* 
genus  Sciadotenia  (Contr.  to  Botany,  vol  iii.,  p.  340,  pi.  138),  which  are  supported 
on  elong^ated  carpophores  that  are  gradually  developed  beyond  tbe  tenninatioii  of  the 
floral  axis,  as  the  miits  adrance  towards  maturity.  This  singular  structure  led  to  a 
misapprehension  of  the  nature  of  the  carpophores  in  the  fint  instance,  and  should 
modify  the  ^neral  statement  I  hare  made  above ;  but  inasmuch  as  we  are  not  likely 
to  find  affinities  amon^  the  MenUpermaeea  to  the  plants  of  the  Coal  Period,  it  may 
Aff  Ml/owed  to  remain  in  it§  present  connexion. 
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■  ■nite  Ufid  apex,  and  a  ridge  paasuig  np  the  middle  of  the  Irnit. 
Ibe  following  friiita  probably  belong  to  ihia  speoiaa : — CarpoUttua 
wr^liiw,  Stemb.  Fl.  Vorwelt  t.  7,  f.  6.  Cardioearpon  apicvlaiim, 
Oop^  and  Berg.,  Frnot  et  Sent.  Lith.,  p.  23,  pi.  ii.,  fig.  S2.  C 
mtnul4Mtmm,  Q^.  and  Betg.,  I.e.,  p.  23,  pL  ii.,  fig,  21.  0.  comutem, 
Dnnim,  Qnut  Jonrn.  GeoL  Soc.,  vol.  zviii.,  p.  324,  pi.  xiii.,  fig.  23, 
U;  Pro-Ou-b.  Floras,  p.  60,  pL  xix.,  fig.  214-218.  G  biaeelitwt, 
Smon,  Quart.  Jontn.  Owl.  Soc,  vol.  ixii.,  p.  166,  pi.  12,  f.  73 
famf.  %  214,  Pre-Carb.  Floras) ;  Acad.  Geol.,  p.  460,  fig.  173«. 
C.  Miqmmm,  Dawson,  Quart.  Joum.  Geol.  Soc.,  vol.  zviii.,  p.  324, 
pi  riii.,  fig.  25 ;  Pre-Carb.  Floraa,  pi.  xix.,  fig.  225,  226. 

THa  apecimen  figured  was  found  by  Mr.  Charles  W.  Peach,  at  the 
Ckich,  near  Falkirk,  in  Auguat,  1870. 


2.  C  aitomalum,  Carr.,  Woo<lcat,  Fig.  8  (Antholithet  anomalue, 
Uorris,  GeoL  Trans.,  2ad  ser.,  vol.  v.,  p.  500,  pi.  xxxviii.,  fig.  5. 
Exclude  the  figure  on  the  right).  Spike  with  alternate  or  sub- 
oppoaite  crowded  axillary  axes,  slender  and  elongated,  bearing  many 
linear  leaves,  and  several  slender  pedioela ;  primary  bracts  long, 
slender,  and  straight ;  fruits  small,  margined.  Perhaps  Cardiocarpon 
acvtam,  Biongn.,  in  Lindl.  and  Hutt  Foss,  Flora,  pi.  76,  may  be 
the  detached  fruits  of  this  species.  The  base  of  the  spike  is  drawn 
in  the  acoompanying  wood-out ;  the  principal  figure  in  the  plate 
accompanying  Mr.  Frestwich'a  Memoir  exhibits  a  considerable  por- 
tion of  its  apper  part  The  detached  fruit  is  twice  the  natural  size. 
The  Iracture  exposes  the  seed  in  the  interior,  and  shows  also  the 
thiokoeae  of  the  pericarp,  which  is  always  flattened  in  the  speoimens 
preserved  in  shale. 

S.   Coni/erotti  Wood, 

The  first  aections  of  fossil  plants  prepared  by  Nichol  when  he  dJs- 
ooverod  the  method  of  slicing  them  for  microsoopic  inspection,  were 
the  famous  'Araucarian'  trees  found  in  Craigleith  Quarry,  near 
EUlinbui^h.  When  UndJey  described  these  trees  m  \)i&  'Eq%»\. 
Flor^  ia  gave  reasons  for  doabting  the  doBe  affinity  ^\a&\L  ^iB& 
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been  asBiuned  between  them  and  Aranoaria.  And  it  baa  ^waja 
appeared  to  me  doubtful  whetber  the  retacnlated  snr&oe  of  tbe 
wood-cells  in  tbeee  Crugleitb  foesils  was  not  more  nearly  allied 
to  tbe  spiral  etmctuie  found  in  TazineouB  wood,  tban  to  tfie  diac- 
bearing  tissue  of  the  Ahietint^e,  The  distinction  between  the  two 
kinds  of  structure  in  tbe  wood-oelis  is  well  shown  in  the  aooom- 
panjing  woodcut,  in  which  Pirutet  Withami,  LindL  and  Hntt. 
(Woodout,  Fig.  4),  is  contrasted  witb  a  true  Abietineous  wood  from 
the  Wealden  at  Brook  Point,  Isle  of  Wight,  (Woodout,  Fig.  S). 


No  frnita  have  hitherto  been  found  in  the  Coal-measures  which 
could  be  referred  with  certainty  to  fossils  lepresented  by  the 
Craigleith  tree,  if  we  except  Trigonoearpon,  which  Dr.  Hooker 
has  shown  good  reason  for  considering  a  Taxineous  &uit.     Lindley 

iand  Button's  supposed  cone,  to  which  th^ 
gave  tbe  name  Pmu  anthradna  (pL  164), 
is  certainly  a  fragment  of  a  Lepidt^endroid 
plant  It  is  possible  that  Cardioearp<m 
may  have  been  the  fruit  of  the  Taxineous 
Dadoxylon,  and  that  the  large  Trigonocarptm 
may  only  be  the  seed  of  a  large  form  of 
Cardioearpon. 
6.  Potlwcites  Grantoni,  Paterson. 
Poihodtet  Orantoni,  Paterson,  Woodout, 
Fig.  6  (Trans.  Bot  Soc  Edin.,  voL  i.,  p.  45, 
pi.  iii.,  fig.  1 — 3),  is  another  remarkable  form 
of  infloreeoence  from  tlie  Coal-measares,  the 
affinities  of  which  are  clearly  investigated 
by  Dr.  Paterson  in  the  paper  quoted.  The 
original  Bpecimen  is  preserved  in  the  Mueenm 
connected  with  Prof.  Balfour's  Class-room 
at  the  Botanic  Garden,  Edinburgh,  where  I 
^r.!^  ^"n  examined  it 
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EXPLANATION  OP  PLATE  IL 

Kg.  1. — JhUaopteris  Stbemiea,  8ch.  Reetored,  one-sixth  the  natural  lize.  2. 
A  pinnnle,  aomewhat  magnified,  to  ehow  the  yenation  and  slight  serration  of 
the  margin. — 3.  Fertile  pinna,  nat.  size. — i.  Two  cnp-shaped  inyoluores 
attached  to  the  filiform  coeta,  greatly  magni6ed. 

Fig.  5. — Sporangia  of  a  Hjmenophyllaceous'fem  from  the  Coal-measures  at  Old- 
ham.—-6.  Sporangia  of  MyfMnophyllum  I^mbrid^ensej  Sm. — 7.  Sporangium  of 
Iblypodium  put^we,  Linn. — Figs.  6, 6,  and  7  are  magnified  to  the  same  ex- 
tent. 
Rg.  8.— Transrerse  section  of  OatnundiUi  Ihwkeri,  Carr.  From  the  Lower  Eocene 
of  Heme  Bay. — 9.  Two  cells  of  this  fossil  showing  the  starch  granules  and 
mycelium  of  a  fungus  still  preserved. 


n.— Nora  ON  THE  Pybitxs  Deposits  in  the  Peovinoe  of  Huelva 

IN  Spain. 
By  S.  H.  Pattison,  F.G.S. 

(With  a  page  woodcut.) 

rB  method  now  adopted  of  working  the  lenticnlar  deposits  of 
pyrites  occorring  in  the  province  of  Huelva  by  open  cutting 
and  quanying,  is  favourable  to  the  examination  of  these  singular 
masses  of  mineraL    The  latter  run  parallel  with  the  strike  of  the  beds ; 
they  are  generally,  but  not  always,  in  close  proximity  to  greenstone,  the 
greenstone  often  forming  one  wall  or  saMband;  they  usually,  but 
not  always,  decrease  in  width  as  they  go  down,  and  sometimes  end 
in  a  boat  form ;  they  are  generally,  but  not  always,  marked  by  oxida- 
tion on  the  surface,  and  generally,  but  not  always,  by  a  depression 
between  the  two  walls.     The  latter  phenomena  have  been  supposed 
to  have  been  occasioned  by  the  ancient  mining  for  copper  having 
worked  away  the  upper  surfaces  and  exposed  fragments  of  mineral 
to  oxidation ;  but  the  facts  appear  to  be  at  variance  with  the  causes 
thus  assigned,  inasmuch  as  there  is  extensive  colouration  where  there 
have  been  no  workings ;  and  on  the  other  hand,  no  subsidence  in 
many  cases  where  ancient  workings  exist. 

A  recent  visit  to  the  Buitron  mine  enables  me  to  offer  a  few 
remarks  on  these  deposits.  The  mass  at  Buitron  occurs  in  a  series 
of  thin-bedded  coarse  schists,  with  intercalations  of  greenstone,  the 
latter  ranging  with  the  beds,  but  occasionally  bulging.  The  mineral 
does  not  reach  the  surface.  It  appears  as  though  it  had  been  de- 
nuded, and  had  yielded  to  the  denuding  force  more  freely  than  the 
sides,  which,  however,  are  generally  formed  of  bleached  felspathio 
clay-slate.  The  skeleton  of  the  mineral  mass  is  a  fine  siliceous  sand, 
permeated  in  various  proportions  with  copper,  averaging  3  per  cent., 
sulphur,  pretty  constant  at  48  per  cent ;  and  about  two  shillings 
worth  per  ton  of  gold. and  silver.  Is  it  not  possible  that  the  metals 
were  introduced  subsequently  to  the  strata  becoming  vertical,  by 
sublimation,  the  chemical  action  having  displaced  one  substance  and 
deposited  another  with  the  silex  ?  There  is  a  kind  of  grain  in  the  mass 
of  mineral  similar  to  that  of  any  interbedded  grit.  The  overburden, 
consisting  of  decomposed  **  country  "  reddened  by  oxide,  is  only  a 
portion  of  the  adjacent  surface  rocks,  deposited  witYi,  \i  iio\.  V3 , 
water,  in  a  hollow  formed  by  denudation.    The  rubble  ovet  ^^  tdmi^w^ 
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Ppitet  Deposit,  Bnitron  Hins,  in  th«  Proiinoe  of  Enelra,  in  Spain. 
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m  not  redder  than  the  purple  rooks  in  the  hill  aboTe,  from  which  it  has 
apparently  descended.  It  is  arranged  over  the  mass  in  horizontal 
layers ;  it  is  clearly  of  sabseqnent  and  drifted  origin.  The  Boman 
works  which  are  brought  into  daylight  by  the  open  cutting  are 
exceedingly  curious  in  their  character  and  condition  as  mining  opera- 
tioDB.  I  subjoin  a  rough  sketch  of  the  mass  and  its  overburden  at 
tiie  Buitron  mine. 

For  further  notice  of  these  deposits,  I  beg  to  refer  the  reader  to 
Mr.  A.  H.  Green's  paper  in  the  Qtuirterly  Journal  of  Science^  1868, 
ToL  v.,  p.  468,  and  the  authorities  there  quoted,  especially  Mr.  J.  L. 
Thomas's  admirable  pamphlet  on  the  mines  ojf  Bio  Tinto,  London, 
1865. 
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By  Jajcbs  Obixib,  F.R.S.E., 
District  Survejor  of  the  Geological  Sunrej  of  Scotland. 

Third  Paper. 

[Contimiedjrom  the  January  NumbeTfp,  81.) 

rr  my  first  paper  ^  I  gave  the  sequence  of  the  Scottish  Drift 
under  three  groups;  but  in  order  to  compare  these  deposits 
more  satisfactorily  with  the  drifts  of  other  countries,  it  is  necessary 
to  subdivide  them  more  closely.  Briefly  tabulated,  the  order  of 
suooession  of  the  Scottish  Drifts,  beginning  with  the  oldest,  is  as 
follows: 

SOOTTIBH   OlACIAL   DEPOSITS. 

} Intense  glacial  conditions  (general  ice-sheet),  with  in- 
tervening periods  marked  by  milder  climates.  The 
Boulder-earth  and  clay  being  partly  of  land-ice  and 
partly  of  marine  formation,  indicates  the  decrease 
of  the  ice-sheets  in  the  later  cold  periods. 

2.  Moraine  rubbish    Retreat  of  great  glaciers. 

3.  Kamea  of  sand  and  srayel    Little  or  no  floating  ice ;  period  of  subsidence. 

4.' Brick  clays,  etc.,  wiSi  arc-  \  Advance  of  glaciers ;  period  of  floating-ice ;  climate 
tic  and  boreal  shells  ;  >  not  so  intensely  cold  as  during  accumulation  of  Till ; 
Erratics )      re-elevation  of  the  land. 

5.  Valley  moraines Final  retreat  of  the  glaciers. 

Before  proceeding  to  compare  this  sequence  with  that  of  Scan- 
dinavia and  Northern  Europe  generally  it  will  not  be  amiss  to  refer 
in  this  place  to  the  succession  established  by  the  Swiss  geologists. 
Aeoording  to  Miihlberg,^  the  Glacial  drifts  of  the  Canton  of  Aargau 

are  as  follows : 

Swiss  Glacial  Deposits. 
1.  Orundmorane  or  moraines )  Intense  glacial  conditions ;    northern  limits  of  the 
profondes j      ice  unknown. 

1  See  Geol.  Mao.  Vol.  VIII.,  Dec.  1871,  P.  646. 

*  To  avoid  confusion  I  have  in  this  table  omitted  the  '*  high-level  beaches," 
which  mark  the  pauses  in  the  re-elevation  of  the  land.  They  are  referred  to  in  my 
SMond  paper.  I  have  of  course  left  unmentioned  the  more  recent  raised  beaches, 
«te.     It  is  with  the  Glacial  beds  proper  that  I  am  dealing. 

*  Ueber  die  erratischen  Bildungen  im  Aargau,  etc. ;  See  Nature,  vol.  iL«  p.  310. 
Miihlberg's  results  agree  with  those  obtained  by  M.  Morlot,  see  Sidinb.  ^«ii  'S'YuiL 
Jooznaly  lS&S>,p,  24,  und  Antiquity  of  Mud,  p.  320. 
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2.  and  3.  Moraine  rubbish...    Betreat  of  the  g^eat  gladeiB;  eroaion  of  river 

5.  Newer  morofnes Periodic  retreat  of  ghicien. 

The  ground  moraines  are  undoubtedly  the  exact  equivalents  of  our 
Till.  The  Scottish  drifts  marked  2  and  3  correspond  to  the  moraine 
rubbish  of  the  Swiss  section — the  difference  between  the  Scottiah. 
and  Swiss  deposits  being  only  what  we  should  expect  when  we 
remember  the  different  conditions  under  which  they  were  separately 
deposited.  The  subsidence  that  drowned  a  large  part  of  Scotland 
produced  the  Eames,  which  are  made  up  partly  of  the  old  moraines 
(2)  and  partly  of  the  Till  and  Boulder-earth  or  day  (1).  In  the 
Swiss  section,  No.  4  is  the  terrestrial  equivalent  of  the  shelly  cLaya 
and  erratics  of  the  Scottish  series.  No.  5  is  precisely  the  same  both. 
in  Scotland  and  Switzerland.  It  will  be  observed  that  in  the  ground 
moraines  of  the  latter  country  no  inter-Glacial  beds,  such  as  cha- 
racterize the  Scottish  Till,  have  been  observed.  But  when  we 
consider  how  great  the  chances  are  against  inter-Olacial  deposits 
being  preserved,  the  absence  of  these  from  the  Swiss  Qrundmorane 
need  not  surprise  us.  It  is  quite  possible,  however,  that  they 
may  exist,  although  they  have  not  yet  been  detected.^  The  Scottidi 
Till  was  studied  for  many  years  before  its  intercalated  deposits 
attracted  any  attention.  Is  it  too  much  to  say  that  it  may  be  even  so 
with  the  Swiss  Orundmor&ne  ? 

The  succession  of  the  drifts  in  Scandinavia  also  agrees  generally 
with  that  observed  in  Scotland,  and  there  is  nothing  in  the  descrip- 
tions given  of  the  "  northern  drift  *'  of  Bussia,  Germany,  and 
Denmark  which  does  not  fit  in  to  the  sequence  tabulated  above. 
Putting  together  the  results  arrived  at  by  several  observers,  as 
Sefstrom,  Berzelius,  Murchison,  Forchhammer,  Lyell,  Erdmann,  and 
others,  we  get  the  following : 

Scandinavian  Glacial  Depositb. 

1.  Stony  clay,  sand  and  gravel Intense  glacial  conditions ;  general  ice-sbeet. 

2  ?  (Moraines) Ketreat  of  confluent  glaciers  or  ice-sheet.' 

3.  Osar  or  Asar  of  sand  and  gravel...     Little  or  no  floating  ice ;  period  of  subsidence. 

A    ni         *     «,:*k  o««#;«  o«^  ix«««i  (  Advance  of  glaciers :   period  of  floating  ice ; 

4.  Clays  etc.  witb  arcUc  and  boreal        ^^^^^^  ^^^    ^^^'^J'^  ^  ^^^  ^  ^Ij  »  ^ 

diells.     LrraUcs \      elevation  of  tbe  land.  ^ 

5.  Moraines Retreat  of  the  glaciers. 

1  have  not  been  able  to  satisfy  myself  as  regards  the  position  of 
the  "sand  and  gravel"  of  No.  1,  and  therefore  cannot  say  whether  it 
points  to  inter-Glacial  mild  periods,  like  those  of  which  we  find  such 

^  In  a  subsequent  paper  I  shall  return  to  tbc  consideration  of  tbe  inter-GIacial 
periods  of  the  ^>wis8  geologists,  noticing  especially  the  remarkable  results  obtained  by 
Prof.  Ileer,  see  his  ifrwelt  der  Schweitz,  p.  484,  et  scq. 

2  From  the  descriptions  given  of  some  of  the  osar  or  &sar,  I  strongly  suspect  that 
tbe  equivalent  of  Iso.  2  in  the  Scottish  section  occurs  in  Sweden;  bat  witbout  a 

Sersonal  examination  one  can  hardly  be  sure  of  this.     MM.  Durocber  and  Martins 
istinguisb  two  kinds  of  osar — tbe  one  containing  scratcbed  stones   and   some- 
times shells  of  Arctic  species,  and  being  often  made  up  of  ver^r  coarse  materiHls;  the 
other  he'mg  more  sandy  and  showing  shells  of  Baltic  species.     Tbe  former  may 
possibly  represent  somo  portion  of  tbe  Scotch  BouVdei-oaxUi  and  clay. 
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bedded  evidenoe  in  the  Soottiah  Till.  The  "Biony  clay"  is  un- 
doabtedly  the  same  deposit  as  oar  Till ;  but  it  is  possible  that  some 
of  the  **  sand  and  angular  g^vel,"  associated  with  the  "  Bulles- 
teenaler"  of  Scandinavian  geologists,  may  represent  No.  2  of  the 
Soottiah  section.  The  dsar  or  iisar  agree  precisely  with  our  Elames. 
Diey  are  composed  of  water- worn  detritus,  gravel  or  sand,  or  both. 
Sometimes  the  ingredients  are  fine,  sometimes  very  coarse.  Murchison 
dnoribeB  large  tracts  of  northern  Bussia  as  covered  with  wide 
expanses  of  undulating  sandhills;  and  these  occur  also  in  Northern 
Germany  and  in  Denmark.  Occasionally  shells  are  obtained  in  this 
dxift ;  those  of  the  Danish  drift  being  of  the  same  species  as  now 
oooopy  the  adjoining  seas.  The  same  would  seem  to  be  the  case 
with  some  of  the  Swedish  lisar.  Sir  C.  Lyell  mentions  the  occur- 
xenoe  of  a  ridge  of  gravel  near  Upsala  which  showed  a  bed  of  marl 
made  up  of  the  remains  of  "  the  mussel,  cockle,  and  other  marine 
sheila  of  living  species,  intermixed  with  some  proper  to  freshwater." 
Several  huge  erratics  lay  upon  the  top  of  this  ridge.  All  the  observers 
agree  that  the  dispersion  of  the  large  angular  erratics  took  place  after 
the  aocomulation  of  the  osar,  for  everywhere  the  big  blocks  rest  upon 
these  hills  of  pebbles  and  sand,  an  appearance  which  is  common  to 
Bosaia,  Qermany,  and  Denmark,  no  less  than  to  Scandinavia.  Here, 
then,  the  phenomena  are  precisely  the  same  as  we  meet  with  in 
Sootlandy  and  the  conclusion  seems  irresistible  that  the  asar  were 
aocomulated  during  a  temperate  condition  of  things,  and  while  the 
land  was  sinking,  and  that  the  erratics  only  began  to  be  dispersed 
from  the  Scandinavian  mountains  when  the  subsidence  hsA  become 
considerable,  and  the  glaciers  consequent  upon  an  increase  of  cold 
had  entered  the  sea.  The  clays  with  Arctic  shells  (No.  4)  are  the 
representatives  of  the  Scottish  shelly  clays;  and,  like  them,  give 
evidence  of  floating  ice.  The  moraines  (No.  5)  are,  of  course,  much 
larger  than  their  Scottish  equivalents,  but  they  tell  exactly  the  same 
story. 

The  Glacial  deposits  of  North  America  give  a  similar  succession, 
with  the  addition  of  some  interesting  details.  And  as  these  throw 
considerable  light  upon  the  character  of  those  changes  that  followed 
upon  the  withdrawal  of  the  great  ice-sheets,  I  shall  refer  somewhat 
more  fully  to  the  American  drifts  than  I  have  done  to  the  Glacial 
deposits  of  Europe. 

The  lowest  Glacial  deposit  recognized  by  Canadian  and  American 
geologists  is  "  unstratified  boulder-clay,"  or  **  unmodified  drift" 
In  some  places  this  deposit  is  found  to  overlie  beds  of  sand,  gravel, 
and  clay,  and  these  beds  have  occasionally  yielded  vegetable  remains. 
Dr.  Dawson  cites*  the  case  of  **a  hardened  peaty  bed  which  appears 
under  the  Boulder-clay  on  the  north-west  arm  of  the  Biver  of 
Inhabitants  in  Cape  Breton."  "It  contains  many  small  roots  and 
branches  apparently  of  coniferous  trees  allied  to  the  spruces."  In  an 
interesting  paper  by  Mr.  C.  Whittlesey  {Smithaonian  Contributions), 
reference  will  also  be  found  to  the  occurrence  below  and  in  the 
"  nnmodified  drift "  of  decayed  leaves  and  the  remains  of  the  ^^- 

'  Acttdian  Geology,  p.  63. 
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The  withdrawal  of  the  great  ice-sheet  was  marked,  as  in  Switzer 
land,  by  the  accumulation  of  immense  piles  of  moraine  rubbish 
which  are  partially  re-arranged  or  "  modified,"  as  Professor  Hitch- 
cock has  it,  "  by  the  action  of  water."  ^  It  is  thus  difficult  some- 
times to  distinguish  true  moraine  drift  from  the  re-assorted  marine 
drift, — the  one,  in  short,  seems  to  shade  into  the  other.  This,  how- 
ever, does  not  mean  that  the  deposition  of  the  moraines  and  theii 
re-assortment  by  the  sea  took  place  at  one  and  the  same  time.  The 
ice  may  have  melted  away  from  all  the  low  grounds  of  New  England 
and  shrunk  back  to  the  valleys  among  the  White  Mountains  before 
subsidence  of  the  land  began. 

In  reading  descriptions  of  the  mounds  of  gravel  and  sand  which 
cover  large  tracts  of  country  in  the  New  England  and  the  North- 
western States  and  also  in  Canada,  one  cannot  fail  to  notice  how 
closely  all  the  appearances  coincide  with  those  we  are  familiar  with 
in  this  country.  Professor  Hitchcock,  describing  the  drifts  of  New 
England,  says,  they  ''  form  ridges  and  hills  of  almost  every  possible 
shape.  It  is  not  common  to  find  straight  ridges  for  a  considerable 
distance.  But  the  most  common  and  most  remarkable  aspect  assumed 
by  these  elevations  is  that  of  a  collection  of  tortuous  ridges  and 
rounded  and  even  conical  hills  with  correspondent  depressions  be- 
tween them." '  This  description  would  apply  word  for  word  to 
some  of  the  larger  areas  of  Eames  in  Scotland.  The  American 
mounds  and  cones  are  almost  invariably  composed  of  well  water- 
worn  materials,  usually  gravel  and  sand ;  and  they  are,  moreover, 
not  infrequently  false-bedded.  Occasionally  boulders  are  found  in- 
side these  mounds,  but  this  is  certainly  quite  exceptional,  and  such 
included  stones  are  usually  more  or  less  rounded.  Now  and  again 
a  mound  appears  to  be  composed  of  coarse  shingle  and  rounded 
boulders.  But  when  boulders  occur  in  mounds  of  sand  and  fine 
gravel,  they  seem  to  be  confined  chiefly  to  the  upper  parts  of  the 
deposits.' 

Immense  numbers  of  large  erratics  cumber  the  surface  of  the 
ground  in  many  parts  of  New  England,  the  North-western  States, 
Oanada,  and  Labrador,  and  are  scattered  over  the  tops  and  slopes 
of  the  mounds  and  ridges  of  sand  and  gravel.  Even  much  further 
north  the  same  phenomena  are  so  striking  as  to  arrest  the  attention 
of  the  traveller  who  is  not  strictly  a  geologist  I  was  much  in- 
terested some  years  ago  in  reading  the  accounts  given  of  the  "  barren 
grounds"  of  North  America  by  vauious  writers  who  had  visited  these 
inhospitable  regions.  Sandhills  and  huge  erratics  appear  to  be  aa 
common  there  as  in  the  countries  further  south.  Captain  Back,  who 
followed  the  course  of  the  Great  Fish  River  (Back's  River)  down  to 
the  Arctic  Sea,  gives  a  very  graphic  account  of  the  isolated  cones  and 

^  SmithBonian  Contributions.    Illustrations  of  Surface  Oeology,  etc. 

«  Trans,  of  the  Assoc,  of  Araer.  Geol.  and  Natur.  1840-1842,  p.  191. 

3  See  Kenort  on  the  Geology  of  the  Lake  Superior  Land  District,  p.  235.    Also 

Geolojpr  of  New  York,  part  iii.,  p.  121,  where  Lardner  Vanuxem  says,  "  "With  some 

exceptions  they  (erratics)  are  generally  found  upon  the  surface,  frequently  upon  the 

topg  ofhi}b  or  on  their  aides,  appearing  in  almost  all  their  localitiefl  as  if  but  recently 

dropped, "  etc. 
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"diaina  of  sandhills"  which  he  saw  in  seTeral  plaoGS  stretching  far 
swaj  on  either  side  from  the  river  valley.  He  tells  us  that ''  the 
lidges  and  cones  of  sand  were  not  only  of  great  height  hut  singularly 
downed  with  immense  houlders,  grey  with  lichen,  which  assuredly 
would  have  been  considered  as  having  been  placed  by  design,  had 
not  the  impossibility  of  moving  such  enormous  masses  proved  in- 
coateatably  that  it  was  Nature's  work."  This  was  in  66°  N.  lat 
Iq  another  place ''the  country  was  formed  of  gently  undulating  hills, 
whose  surfaces  were  covered  with  large  fragments  of  rock  and  a 
Qouse  gravelly  soil."^  In  the  ''barren  grounds"  to  the  west  of  the 
bleak  country  traversed  by  Back  sandhills  and  huge  erratics  are- 
equally  abundant' 

Thns  in  Northern  America,  as  in  the  northern*  latitudes  of  Europe,, 
we  find  tiie  ground  covered  throughout  wide  areas  with  groups  of 
kimeSy  eskers,  osar,  ridges,  mounds,  or  cones  of  sand  and  gravel ; 
md  these  peculiar  hillocks  are  everywhere  dotted  over  with  large 
flnatics  in  such  a  way  as  to  show  that  the  sand  and  gravel  mrust  have 
been  deposited  and  heaped  up  before  the  erratic  blo<^  were  dropped. 
And,  from  the  rare  occurrence  of  boulders  embedded  in  the  sand  and 
giBvel,  it  is-  only  reasonable  to  infer  that  at  the  time  the  sand  and 
gravel  were  deposited  there  could  not  have  been  much  ice  floating 
aiboaL  It  is  true-  that  piles  and  mounds  of  coarse  unstratified  debris 
md  boulders  are  occasionally  found  associated  with  the  re-assorted 
drift ;  but  these,  according  to  Professor  Agassiz  and  several  other 
American  geologists,  are  moraines  and  not  the  droppings  of  icebergs. 
The  mounds  of  well  water- worn  sand  and  gravel  are  singularly  free 
of  boulders,  except  on  the  outside. 

After  wide-spread  accumulations  of  sand  and  gravel  had  gathered 
upon  the  bed  of  the  sea,  the  climate  of  the  northern  hemisphere, 
which  had  been  moderate  during  the  period  of  subsidence,  again 
became  cold.  Fleets  of  icebergs  and  ice-rafts  set  sail  from  every 
ooast  that  remained  above  the  sea,  and  dropped  their  burdens  as  they 
journeyed  on.  But  the  bed  of  the  sea  was  now  rising,  and  a  great 
Dumber  of  old  beaches  mark  out  the  successive  pauses  in  the  re- 
devation  of  the  land.  Professor  Hitchcock  describes  many  in  his 
paper  already  referred  to.  The  highest  beach  he  mentions  is  one  in 
the  White  Mountains,  at  a  height  of  2449  feet  above  the  sea.     An- 

*  NaiTatiTe  of  Arctic  Land  Expedition  to  the  Mouth  of  the  Great  Fish  River,  etc., 
pp.  140,  346.  I  cannot  refrain  from  quoting  a  passage  which  the  geologist  will  at 
noe  recognize  as  a  faithful  picture  of  a  highly  glaciuted  lund-surface.  The  scene 
dcKribed  D}r  Back  was  just  on  the  skirts  of  the  barren  grounds.  "  There  was  not  the 
flern  beauty  of  Alpine  scenery,  aud  still  less  the  fair  variety  of  hill  and  dale,  forest 
lad  glade,  which  makes  the  charm  of  a  European  landscape.  There  was  nothing  to 
aAch  or  detain  the  lingering  eye,  which  wandered  on  without  a  check  over  endless 
lines  of  roQnd-backed  rocks,  whose  sides  were  rent  into  indescribably  eccentric  forms. 
h  was  like  a  stormy  ocean  suddenly  petrified.  Except  a  few  tawny  and  pale  green 
Behens  there  was  nothing  to  relieve  tne  horror  of  the  scene ;  for  the  fire  had  scathed 
it,  and  the  gray  and  black  stems  of  the  mountain  pine  which  lay  prostrate  in  mournful 
eonfbiion  seemed  like  the  blackened  corpses  of  departed  vegetation"  (p.  178). 

*  See  Sir  J.  Franklin's  "  First  Journey  to  the  Shores  of  the  Polar  Sea;"  and  \i\a 
"Second  Journey;"  bIbo  Sir  J.  Ricbardson's  **  Journal  of  a  Boat  Voyage  t\iTouc\i 
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,^.j  ^>n  the  Hoosac  Monntain  (Massachusetts)  reaches  an  elevation 
:^'  -  "'J*-  f^'-  1°  ^®  valley  of  the  Connecticut  river  a  raised  beach 
\v.rs  as  1^^^-  ^^^  above  the  sea.  Many  of  the  rai«ed  beaches  are 
^ved  with  huge  boulders,  as  if  these  had  been  stranded  by  rafts 

IXirinc  the  re-elevation  of  the  land  beds  of  clay  aocumulated 
,-sf  :he  ix«st,  and  became  gradually  stocked  with  shells  of  an  arctic 
T«t^.  These  are  the  **  Leda  clays  "  of  Labrador  and  Maine,  so  ably 
iiicriixHi  by  Dr.  Dawson,  Dr.  Packard,  and  others.  It  can  hardly 
V  .:.Hjbted  that  they  are  the  equivalents  of  the  Scottish  and  Scan- 
itasvian  shelly  clays.  Tlie  fossils  which  they  contain  are  vciy 
^"'.uhUv  Arctic  in  the  lower  beds,  but  in  the  upper  beds  they 
-•rt*  evidence  of  a  gradually  ameliorating  climate. 
*^  IV.  Packanl  seems,  if  I  follow  him  rightly,  to  l)e  of  opinion  that 
X^  IjOih*  clay  is  older  than  the  iisar,  and  Principal  Dawson  inclines. 
Vc::  with  some  hesitation,  to  the  same  belief.  It  may  a]>pear  pre- 
^^.^i^titous  in  me  to  differ  from  these  authorities,  yet  after  careftilly 
^\«*iJering  what  they  have  written,  I  venture  to  think  that  the 
e\-itience  in  support  of  their  conclusions  is  hanlly  satisfactory.  The 
«hellv  clays  (like  those  of  Scotland)  are  sometimes  covered  with 
oeix^its  of  sand  and  gravel  (Saxiaiva  Sands),  but  there  is  no  proof 
i[ijit  tliese  beds  are  necessarily  of  the  same  age  as  the  5sar  of  the 
interior  of  America.  In  America,  as  with  us,  the  shelly  days  are 
^\«tined  to  the  maritime  regions,  and  I  have  foimd  no  mention 
0iAde  of  osar  or  mounds  and  ridges  of  sand  and  gravel  overlying 
ijiein.  "When  it  is  remembered  also  that  erratics  everywhere  cap 
ilie  sand  and  gravel  ridges  of  the  interior,  and  occur  abundantly  in 
llie  fossiliferous  clays  of  the  maritime  regions,'  wliile  they  may  be 
said  to  be  absent  from  the  interior  of  the  iisar,  we  can  hardly,  I  think, 
^fcape  from  these  conclusions. — first,  that  the  accumulation  of  the 
jiear  took  place  under  a  milder  condition  of  climate  than  chaiac- 
terized  the  deposition  of  the  shelly  clays ;  and,  second,  that  of  the 
fwo  deposits  the  dsar  must  be  the  older.  But  of  course  it  is  quite 
l^issible  that  some  of  the  osar  adjoining  the  maritime  regions  may 
h-ive  been  formed  contemporaneously  with  the  Le<la  clay,  with 
trhich  some  of  the  old  sea-beaches,  at  all  events,  must  be  syn- 
^ronous.  If,  therefore,  wo  refer  tlie  accumulation  of  the  American 
jgar  to  the  period  of  subsidence,  and  the  deposition  of  the  "  Loda 
4j|»y "  to  the  following  period  of  re-elevation,  we  shall  liave  for  Xorth 

:  There  is  some  uncertainty  as  to  the  hei;;ht  roaohed  hy  tlie  sea  during  the  period 
0f  subsidence  thnt  follovod  upon  the  retirement  of  the  ice-sheet.     Perched  bloccs  are 


Ad^JQ  

int  ierel  of  the  sea.    But  Dr.  Packard  thinks  that  some  of  the  high-level  terraces 

"   ^  *~~  Hitchcock  are  not  of  marine  but  fri«hwater  origin,  and  tliat  thuv  ore 

*  lakes.     In  this  cojic  these  terraces  would  resemble  the  parallel  roads 

wo  indeed  as  to  entitle  them  to  be  called  '*  Boulder-clays."    They  ore 
ftiDcUy  ftratified,  howcYor.    (iVickord.^ 
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America  exacdj  the  same  Buooesrion  as  we  have  in  Sootland  and 
BcMidfTiavia. 

In  the  vaUejB  of  the  White  Mountains  and  in  those  of  the  Rocky 
Ibimtains  a  number  of  terminal  moraines  mark  the  sites  of  looal 
^boiers  which  gradually  crept  up  the  valleys  and  vanished  aa  the 
foild  of  the  GHamal  epoch  passed  away. 

For  purposes  of  comparison  I  shall  now  throw  into  a  tabular  form 
Ihe  general  results  obtained  from  a  review  of  what  our  friends  in 
America  have  done  in  the  matter  of  Glacial  geology.  This  table 
will  show  how  closely  the  succession  of  the  drift  deposits  tallies 
wiQi  that  of  the  equivalent  beds  in  Northern  Europe. 

NOBTK  AsfBBIOAN  OlAOIAL  DEPOSITS. 

uKcc^TmRifn  DeoB    f     conditioner 

1  Hormmes Withdrawal  of  ice-sheet  from  low  groands. 

S.  Omr  or  ridges  of  sand  and  grayel    Little  floating-ice ;  period  of  suhsidenoe. 

/Advance  of  glaciers;    period  of  floating-ice; 

M   r^mAm.  ^*w  <.A«     v*»>»4a.  1     climate  Ar^c,  but  not  so  intensely  glacial  as 

4.  i^da  euj,  etc.    ISrratics {     durine  accumulation  of  "unmodified  drift"; 

\     land  uowly  rising. 
i.  Tallfly  Moraines Final  retreat  of  the  glaeiers. 

It  V  mmeoessary  for  my  purpose  that  I  should  refer  to  the  details 
of  the  more  recent  superficial  accumulations  of  North  America ;  it 
is  'enough  merely  to  remind  geologists  that  in  none  of  the  post- 
Glacial  or  recent  deposits  of  North  America  have  any  traces  been 
firand  of  a  warmer  climate  than  the  present  On  the  contrary, 
ereiy  proof  is  afforded  us  that  from  the  close  of  the  Glacial  epoch 
there  has  been  a  gradual  amelioration  of  climate  down  to  our  times. 

In  my.  next  paper  I  shall  endeavour  to  correlate  the  Hoglish  and 
Irish  dnfts  with  liiose  of  Scotlaiid. 


lY. — ^HxBB'a  FiiOBir  FossiLia  Asotioa. 
Commnnicated  hy  Eobb&t  H.  Scott,  F.H.S.,  etc. 

IN  voL  iL  of  his  Flora  Fossilis  Arctica,  Professor  Oswald  Heer  has 
treated  of  the  Fossil  Flora  of  Bear  Island,  and  shown  that  it  be- 
longs to  the  Lower  Carboniferous  Formation,  of  which  it  forms  the 
lowest  beds  (named  by  him  the  ''  Ursa"  beds),  close  to  the  junction 
with  the  Devonian.  The  Yellow  Sandstone  of  Kiltorcan  in  Ireland, 
the  Oraawaoke  of  the  Yosges,  and  the  southern  part  of  the  Black 
Forest,  and  of  St  John  in  Canada,  belong  to  the  same  group.  In 
the  summer  of  1870  two  young  Swedish  naturalists  (Wilander  and 
Nathorst)  discovered  this  same  formation  in  the  Elaas  Billen  Bay 
of  the  Eisfiord  in  Spitzbergen,  and  brought  hon^  fine  specimens 
of  Lepidodendron  Veltheimianwn,  and  Stigmaria  ficoides.  It  has 
also  been  found  in  West  Greenland,  for  Prof.  Nordenskiold  tells  us 

1 1  woidd  remind  the  reader  of  what  I  hare  said  in  the  text  concermng  t^xe  eVv^evitft 
for  thope  intentalaUd  bedg. 
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tbat  the  Swedish  expedition,  which  went  to  Disoo  in  the  coone  of 
last  summer,  to  fetch  the  meteorite,  weighing  25  tons,  whioh  he  dis- 
covered at  Ovifak  in  that  island,  has  brought  kome  fossil  plants  of 
true  Oarboniferotts  age. 

The  Carboniferous  formation  was  accordingly  extensivelj  de- 
veloped in  the  Arctic  r^ons,  for  it  occurs  also  in  the  Parry  Islands 
and  in  Siberia ;  on  the  Lena  it  approaches  the  Avctic  oirde.  These 
facts  show  us  tiiat  at  that  epoch  there  was  an  abundance  of  land  near 
the  north  pole,  covered  wiili  a  vegetation  closely  resembling  that  of 
our  own  latitudes  at  the  same  period.  Of  18  species  of  fossil  plants 
at  Bear  Island,  only  3  are  peculiar  to  it,  the  others  ave  oommon  to 
the  European  localities  (such  as  Lepidodendron  VeUheimianwm^ 
Knorria  imbricata,  etc.)  ;  and,  from  the  fact  that  they  are  as  fine  and 
well  developed  in  the  northern  as  in  the  scmtkem  deposits,  it  is 
evident  that  no  great  difference  of  climate  could  liave  prevailed 
between  the  two  localities.^ 

In  Spitzbergen  we  have,  besides  the  Miocene  Flora  and  Fauna,  an 
important  Diluvial  formation.  132  species  of  Miocene  plants  have 
been  foimd,  mostly  in  Eisfiord  (lat  78^  N.),  but  some  in  King's  Bay 
(lat.  78<=^  66"  N.).  The  chief  form  here  is  an  Eqmseinm  (£1  are- 
tioum);  but  it  is  surprising  to  find  a  Lime  {Tilia  Malmgreni),  an  Arbor- 
vitas  (Thuites  Ehrenswaerdt),  a  Juniper,  and  two  Poplars  nearly  on  the 
79th  paralM  of  latitude.  The  Flora  of  the  Eisfiord  is  much  richer, 
especially  that  of  the  black  slates  of  Gape  Staratschin,  where  we  find 
26  Conifers  belonging  to  the  Abietineaf  the  Cupressinea,  and  the 
Taxodtea,  Several  of  fiiese  species  are  represented  not  only  by  leaves 
but  by  their  flowers  and  fruit.  The  chief  forest  trees  were  a  new 
Sequoia  {S.  Nordenskioldi),  of  which  we  have  leaves,  twigs,  and 
seeds ;  Lihocedrus  Sabimanaf  and  Tcucodium  distichum.  Of  the  last 
named  the  collection  contains,  not  only  the  twigs  clothed  with  leaves, 
but  the  male  and  female  flowers,  the  scales  and  seeds ;  so  that  not 
even  the  delicate  catkins  are  wanting  to  identify  this  tree  with  that 
which  is  now  growing  in  the  Southern  States  of  America.  No 
one  can  possibly  doubt  that  the  tree  grew  where  its  remains  are 
now  found.  Lihocedrus  Sahiniana  is  also  well  represented  by 
its  peculiar  seeds ;  it  was  the  most  graceful  tree  in  Spitzbeigen, 
and  its  nearest  congeners  are  now  found  in  ChilL  Of  othen 
trees,  Poplars  are  the  most  common,  with  the  Birch,  Hasel,  and 
Snowball  (Viburnum)  ;  but  we  are  not  so  much  surprised  at  find- 
ing them  as  at  two  large-leaved  Oaks,  the  Ivy,  and  a  Walnut. 

This  Flora  has  the  greatest  resemblance  to  that  of  North  Oreen- 
land,  and  the  other  of  Arctic  localities ;  but  several  species  extend 
southwards  into  Europe.  On  the  whole,  this  Miocene  Flora  evi- 
dences a  far  greater  contrast  of  climate  between  Europe  and  the 
Arctic  regions  at  that  epoch,  than  that  which  prevailed  during  the 
Lower  Carboniferous  period.    All  the  tropical  and  even  sub-tropical 

*  Prof.  Heer  has  worked  oat  this  idea  very  fally  in  bis  paper  on  Bear  Island,  and 
traced  the  alternations  of  rise  and  fSsdl  of  the  lana,  which  probably  oocorred  during 
the  latter  part  of  the  Palsosoic  period. 
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foims  are  wanting.  These  &ots  show  ns  that  great  changes  of 
dimate  mnat  have  occurred,  and  it  is  interesting  to  trace  when  these 
fint  b^an  to  show  themselves. 

The  Cietaoeoas  Flora  of  the  Arctic  regions  throw  important 
lig^t  on  this  pointy  and  our  knowledge  of  it  has  been  largely 
eninched  by  the  discoveries  of  the  Swedish  expedition  of  1870. 
When  the  first  volume  of  the  Flora  Arctica  appeared  Prof.  Heer 
oould  only  speak  of  a  few  specimens  belonging  to  this  epoch, 
which  had  been  found  at  Rome,  on  the  north  side  of  the  Noursoak 
Peninsula.  Profl  Nordenskiold  has,  however,  paid  great  attention 
to  theee  fossils,  and  has  discovered  several  new  localities  for  them  on 
the  north  shore  of  the  same  peninsula.  They  are  found  in  black 
ihsles,  apparently  from  the  character  of  the  fossils,  belonging  to  the 
Lower  Chalk — the  Urgonian — for  they  resemble  the  Flora  of  Wems- 
dorf.  Among  forty-three  species  already  determined,  I  find  twenty- 
four  Ferns,  five  Cycads,  eight  Conifers,  three  Monocotyledons ;  only 
one  fragment  is  dicotyledonous,  a  Poplar  leaf,  and  it  is  the  oldest  dicoty- 
ledonous  plant  that  has  hitherto  been  discovered.  Among  the  numerous 
Ferns  the  Qleiehema  is  the  most  common  type,  but  MarattiacecB 
and  Sphenopteris  are  not  rare.  Of  Cycads  we  have  Zamites,  with 
very  fine  leaves,  and  Fodozamites  Hoheneggeri  (known  from  Wems- 
doif  in  the  Carpathians).  It  is  striking  that  Sequoias  and  Pines 
appear  among  the  Conifers,  approaching  closely  to  Tertiary  types. 

The  plants  of  the  black  shales  of  the  south  side  of  Noursoak 
Peninsula  have  a  different  character.  Nordenskiold  has  found  them 
at  two  points  (Atane,  and  on  the  shore  below  Atanekerdluk,  the 
well-known  Miocene  locality).  The  number  of  species  is  about 
equal  to  that  foimd  in  the  Lower  Chalk  just  referred  to,  but  their  type 
is  almost  totally  different,  and  it  indicates  that  they  belong  to  the 
Upper  Chalk.  Sequoia  again  predominates  among  the  Conifers,  8ind 
we  find  fortunately  cones  as  well  as  twigs ;  with  them  we  find  a 
Thuites  and  a  Saltsburea  I  Cycads  are  much  less  common  than  in  the 
Lower  Chalk,  only  one  ( Cycadites  Dicksoni)  having  been  discovered. 
Among  the  Ferns,  though  these  are  common  (eleven  species),  we  find 
only  two  Oleichenias  (instead  of  six) ;  other  forms,  such  as  Marat- 
tiacem,  Adiantum  and  Dictyophyllum,  have  disappeared.  Tlio  pre- 
dominant forms  are  Dictolytedons.  of  which  there  are  twenty-four, 
of  various  genera  and  species ;  many  of  them  have  not  yet  been 
absolutely  determined.  But  we  find  three  species  of  Poplar,  one  Fig 
(Leaves  and  Fruits),  one  Myrica,  one  Sassafras,  one  Credneria,  -with 
two  Magnolias.  These  facts  show  us  that  here,  as  in  Central  Europe, 
the  Lower  Cretaceous  Flora  consists  principally  of  Ferns,  Conifers, 
and  Cycads;  while  in  the  Upper  Cretaceous  Dicotyledons  appear. 
The  climatological  changes  which  produced  so  important  modifica- 
tions in  the  types  of  vegetable  life  must  have  been  as  extensive  in 
high  as  in  lower  latitudes.  If  we  examine  into  the  climatic  character 
of  the  Lower  Cretaceous  Flora,  we  find  it  to  be  almost  tropical,  as 
will  be  seen  from  the  predominant  forms  of  vegetation.  The  same 
is  true  of  the  Flora  of  Wemsdorf  in  the  Northern  Carpathians,  so  that 
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in  this  respect  the  Lower  Cretaceous  Flora  resembles  the  Garboft^ 
iferous  Flora.    The  comparative  raritj  of  Gleichenias  and  Gycads^ 
and  the  disappearance  of  MarafXxacem^  might  point  to  a  change  if 
climate  for  the  Upper  Cretaceous ;  but  the  presence  of  Ficw  renders 
this  doubtful,  so  that  we  cannot  decide  whether  the  change  ol 
dimate  occurred  during  the  Cretaceous  or  the  Tertiary  period  in 
Greenland ;  at  all  events,  the  Flora  of  the  former  epoch  has  a  more 
southern  character  than  tliat  of  the  latter. 

Besides  these  fossils,  Nordenskiold  has  brought  over  a  large  series 
of  Miocene  plants  from  various  localities.  The  most  interesting  of 
these  are  from  a  deposit,  which  is  separated  by  beds  of  basalt,  some 
2000  feet  thick,  fix)m  iJie  lower  Miocene  plant  stiata,  and  which, 
though  still  Miocene,  are  much  later  in  age. 

The  German  expedition  has  brought  from  the  east  coast  of 
Greenland  some  vegetable  fossils,  many  of  which  are,  however, 
only  undistinguishable  carbonaceous  traces.  Lieutenant  Payen, 
however,  brought  some  specimens  from  Sabine  Island  which  could 
be  identified.  They  belong  to  TaxoAium  dtaftcftum  and  jPopsItw 
atciica^  with  a  frs^ment  which  probably  belongs  to  JXospyroB 
hraehysepala.  These  trees  have  been  discovered  in  West  Green- 
land, and  the  two  first  named  in  Spitsbergen  also,  so  that  they 
Srobably  flourished  over  the  entire  district  from  the  west  coast  to 
pitzbergen.  In  his  paper  on  Spitzbergen,  Professor  Heer  had 
remarked  that  we  might  expect  to  find  the  plants  which  were  com- 
mon to  the  west  coast  of  Greenland  and  to  Spitzbergen,  on  the  east 
coast  of  Greenland  also.  This  anticipation  has  now  been  confirmed 
by  the  discovery  of  these  two  species,  and  it  may  fairly  be  expected 
that  the  fossiliferous  Sandstones  and  Marls  of  Germania  Mountain  in 
Sabine  Island  contain  many  of  the  missing  forms. 


y. — ^Eabliest  Begobd  of  the  Goousbekox  of  Mktxobio  Ibon 

IN  Gbebklakd. 

IN  the  Geoloqioal  Magazine  for  December,  1871  (Vol.  VlII.,  p. 
670),  we  reported*  the  return  of  the  Swedish  scientific  expedi- 
tion from  the  coast  of  Greenland,  bringing  home  a  number  of  masses 
of  meteoric  iron,  found  there  upon  the  surface  of  the  ground,  the 
largest  of  which  was  said  to  weigh  25  tons.  In  the  Beport  of  the 
meeting  of  the  Geological  Society,  Dec.  20th,  1871,  contained  in  our 
present  number  (see  page  88),  we  give  some  further  particulars  re- 
lative to  this  interesting  discovery,  which  has  elicited  a  letter  from 
the  Bev.  0.  Fisher  (see  Geologioal  Magazine  for  Jan.,  1872,  p.  47), 
and  a  lively  discussion  at  the  Geological  Society.  We  are  indebted 
to  E.  H.  Scott,  Esq.,  F.R.S.,  for  obligingly  calling  our  attention  to 
the  account  of  the  original  discovery,  more  than  fifty  years  ago,  by 

^  Under  Proceedings  of  the  Geological  Society  of  London  for  Not.  8th,  1871. 
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(^)titn  (now  Oenenl  Bir  Edward)  Sabine,  of  meteorio  iron  in  Green- 
land, recorded  in  the  Qoait.  Jonm.  of  Science, 
1819,  to!,  vii.,  p.  79,  with  the  analysia  of  the 
same,  preTionsly  published,  which  we  venture  to 
think  will  prore  acceptable  information  to  many 
of  OUT  readoTB. — [Ed.  Giol.  Mao.] 

Extract  &om  "An  Account  of  the  Etqvmavx, 
H&o  inhabit  ike  West  coaat  of  Qreeitland,  above 
the  lat.  76°,"  by  Capt.  EnwAEO  Sabisb,  B.A., 
F.B.S.,  F.L.S.— Quart  Jouin.  of  Soienoe.voL 
Tii,  1819,  p.  79. 

Each  of  the  Esquimaux  who  vicited  ns  on  the 
10th  of  August,  and  I  believe  each  of  the  others 
whom  we  afterwards  saw,  had  a  rude  instrument 
answering  the  purpose  of  a  knife.  The  handle 
is  of  bone,  from  ten  to  twelve  inches  long, 
shaped  like  the  handle  of  a  clasped  knife ;  in 
a  groove,  which  is  ran  along  the  edge,  are  in- 
Btfted  several  bits  of  flattened  iron,  in  number 
from  three  to  seven  in  different  knives,  and 
oooapying  generally  half  the  length.  No  oon- 
trivance  was  applied  to  fasten  any  of  these 
pieces  to  the  handle,  except  the  one  at  the 
point,  which  was  generally  two-edged,  and  was 
rudely  riveted.  In  answer  to  our  inquiries  from 
whence  they  obtained  the  iron,  it  was  at  first 
anderetood  that  they  had  fonnd  it  on  the  shore; 
and  it  was  supposed  to  be  the  hooping  of  casks, 
which  might  have  been  accidentally  drifted  on 
the  land.  We  were  surprised,  however,  in  ob- 
serving the  facility  with  which  they  were  in- 
duced to  part  with  their  knives ;  it  is  true, 
indeed,  that  they  received  far  better  instru- 
ments in  exchange,  but  they  did  not  appear  to 
attach  that  value  which  we  should  have  expected 
to  iron  so  accidentally  procured.  This  pro- 
duced some  discussion  in  the  gun-room ;  when 
it  appeared  that  some  of  the  officers,  who  had 
been  present  in  the  oabin  when  the  Esqui- 
maux were  questioned,  were  not  satisfied  that 
Zaocheus'  interpretation  had  been  rightly  under- 
stood; he  was  accordingly  sent  for  afresh,  and 
told  that  it  was  desired  to  know  what  had  been 
said  about  the  iron  of  the  knives  (one  of  which 
was  on  the  table),  and  he  was  left  to  tell  his 
story  without  interruption  or  help.  He  said  it 
was  not  English  or  Danish,  but  Esquimaux 
iron ;  that  it  was  got  from  two  large  stonea 
aa   H  hill  near  a   part   of  iha  oowb  '«\)i<;^ 
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we  liad  lately  passed,  and  which  was  now  in  sight ;  the  stones  wen 
veiy  hard;  that  small  pieces  were  knocked  off  from  them,  and  beaten 
flat  between  other  stones.  He  repeated  this  account  two  or  three 
times,  so  that  no  doubt  remained  of  his  meaning.  In  reply  to  other 
questions,  we  gathered  from  him  that  he  had  never  heard  of  saoh 
stones  in  South  Greenland ;  that  the  Esquimaux  had  said,  they  knew 
of  no  others  but  these  two ;  that  the  iron  breaks  off  from  the  stone 
just  in  the  state  we  saw  it,  and  was  beaten  flat  without  being  heated. 
Our  subsequent  visitors  confirmed  the  above  account  and  added  one 
curious  circumstance — ^that  the  stones  are  not  alike,  one  being 
altogether  iron,  and  so  hard  and  difficult  to  break  that  their  supply 
is  obtained  entirely  from  the  other,  which  is  composed  principally  of 
a  hard  and  dark  rock ;  and,  by  breaking  it,  they  get  small  pieces  of 
iron  out,  which  they  beat  as  we  see  them.  One  of  the  men  being 
asked  to  describe  the  size  of  each  of  the  stones,  made  a  motion  with 
his  hands,  conveying  the  impression  of  a  cube  of  two  feet ;  and  added 
that  it  would  go  through  the  skylight  of  the  cabin,  which  was  rather 
larger.  The  hiU  is  in  about  76°  IC  lat.,  and  64°  f  long. ;  it  is  called 
by  the  natives  Sowilic,  derived  from  soioic,  the  name  for  iron  amongst 
these  people,  as  well  as  amongst  the  southern  Greenlanders.  Zaccheus 
told  me  this  word  originally  signified  a  hard  black  stone,  of  which 
the  Esquimaux  made  knives,  before  the  Danes  introduced  iron 
amongst  them,  and  that  iron  received  the  same  name  from  being 
used  for  the  same  purpose.  I  suppose  that  the  Northern  Esquimaox 
have  applied  it  in  a  similar  manner  to  the  iron  which  they  have  thus 
accidentally  found. 

We  are  informed  in  the  account  of  Captain  Cook's  third  voyage, 
that  the  inhabitants  of  Norton  Sound,  which  is  in  the  immediate 
neighbourhood  of  Behring's  Straits,  call  the  iron  which  they  procure 
from  the  Russians  Shawic,  which  is  evidently  the  same  word ;  the 
peculiar  colour  of  these  pieces  of  iron,  their  softness,  and  freedom 
from  rust,  strengthened  the  probability  that  they  were  of  meteoric 
origin,  which  has  since  been  proved  by  analysis. 

Meteoric  Iron  in  North  America, — The  Northern  Esquimaux  lately 
visited  by  Captain  Eoss  were  observed  to  employ  a  variety  of  imple- 
ments of  iron,  and  upon  inquiry  being  made  concerning  its  source 
by  Captain  Sabine,  he  ascertained  that  it  was  procured  from  the 
mountains  about  thirty  miles  from  the  coast.  The  natives  described 
the  existence  of  two  large  masses  containing  it.  The  one  wa3 
represented  as  nearly  pure  iron,  and  they  had  been  unable  to  do 
more  than  detach  small  fragments  of  it.  The  other,  they  say,  was  a 
stone,  of  which  they  could  break  fragments,  which  contain  small 
globules  of  iron,  and  which  they  hammered  out  between  two  stones, 
and  thus  formed  them  into  flat  pieces  about  the  size  of  half  a  six- 
pence, and  which  let  into  a  bone  handle,  side  by  side,  form  the  edges 
of  their  knives.  It  immediately  occurred  to  Captain  Sabine  that  this 
might  be  meteoric  iron,  but  the  subject  was  not  further  attended  to 
till  specimens  of  the  knives  reached  Sir  Joseph  Banks,  by  whose 
imre  Mr,  Brande  examined  the  iron,  and  found  in  it  more  than  three 
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per  oeai  nickel.  This,  with  the  unooinmon  appearance  of  the  metal, 
viiiohwas  perfectly  free  from  rust,  and  had  the  peculiar  silvery 
wbhene&B  of  meteoric  iron,  pats  the  source  of  the  «pecimen8  alluded 
to  ont  of  all  doubt.  The  one  mass  is  probably  entirely  iron,  and  too 
bud  and  intractable  for  farther  management ;  the  other  appears  to  be 
i  meteorio  stone,  containing  pieces  of  iron,  which  they  succeeded  in 
ramoving^  and  extending  upon  a  stone  anvil. — Quart.  Joum.  Sa, 
1818,  ToL  vi,  p.  369. 


I. — ^Thb  Fossil  Floha  ov  Gsxat  Bsitain. 

rnHE  Fossil  Flora,  by  Lindley  and  Hutton,  has  been  long  known  as 
Jl  the  only  general  work  containing  figures  and  descriptions  of  the 
vegetable  remains  found  in  a  fossil  state  in  this  country,  and  which 
mut  always  be  consulted  by  every  scientific  investigator  of  this 
nbject  Since  the  completion  of  the  third  volume,  more  than  thirty 
years  ago,  many  important  papers  have  been  published  on  the 
FalflBontological  Botany  of  the  British  Islands,  by  Dr.  Hooker, 
Bimbary,  Prof.  Haughton,  Prof.  Heer,  Oarruthers,  and  others,  but 
no  general  work  or  continuation  of  the  Fossil  Flora  has  appeared,  a 
denderatum  very  much  needed,  and  which  it  is  now  proposed  shall  be 
supplied. 

Mr.  Quaritch  having  recently  purchased  the  copper-plates  and 
copyright  of  this  standard  work  on  the  Fossil  Plants  of  Britain, 
and  knowing  the  extreme  rarity  of  the  book,  has  resolved  to  produce 
afac-simile  re-issue  of  the  work,  from  the  original  copper-plates. 
To  secure  the  accuracy  of  the  re-issue,  Mr.  Quaritch  has  fortunately 
lecured  the  aid  of  Mr.  Wm.  Carruthers,  of  die  British  Museum,  to 
saperintend  it,  whose  valuable  contributions  to  Fossil  Botany  are 
well  known  to  the  readers  of  the  Geological  Magazine.  In  addi- 
tion to  re-editing  the  original  work.,  Mr.  Camithers  will  prepare 
a  Supplementary  Volume,  containing  figures  (in  not  less  than  40 
plates)  and  descriptions  of  all  the  important  additions  made  to  the 
Fossil  Flora  of  Britain  since  1837 ;  together  with  a  critical  examin- 
ation of  the  species  in  Lindley  and  Hutton's  classic  work,  and  a 
synopsis  of  all  the  known  FossU  Plants  of  Britain,  which  will  bring 
the  whole  work  up  to  the  state  of  the  science  at  the  present  day. 
The  work  will  be  issued  in  monthly  parts,  commencing  in  May  next. 


n. — ^NoTES  OP  A  Visit  to  Dominica. 

By  B.  J.  Lechmbbb  Guppt,  F.L.S.,  F.G.S. 
[Froceediogs  of  the  Scientific  Association  of  Trinidad,  December,  1869.] 

HAVING  spent  a  few  weeks  in  Dominica,  Mr.  Guppy  has  given 
us  a  sketch  of  the  physical  structure  of  the  island.  His  ob- 
lervations  are  the  more  interesting  as  it  seems  that  its  geolo^cal 
features  hare  not  previouBly  been  described.      Situaledi  \^\.^^^'cl 
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Maitinique  and  Gnadeloupe,  Dominica,  like  them,  is  a  mass  of  moun- 
tains of  volcanic  structore.  There  is  little  that  can  be  called  lerel 
land,  save  the  alluvial  flats  of  the  larger  river  valleys.  The  spins 
of  the  mountains  usually  come  down  to  the  sea,  often  ending  in  hi^ 
olifls  and  precipitous  headlands. 

Immediately  at  the  back  of  the  town  of  Boseam,  the  capital  of  tii6 
island,  there  is  a  hill  called  Mome  Bruce,  composed  of  volcanie  rocksy 
upon  which  lies  a  marine  formation,  which  seems  to  have  been  part 
of  an  immense  fringing  reef,  which  existed  when  the  island  was  at  a 
lower  level  by  some  800  feet  This  coral  formation  is  overlain  by 
more  recent  volcanic  accumulations. 

Craters  do  not  seem  to  occur  on  the  higher  mountains,  but  small 
volcanic  cones,  often  very  perfect,  exist  on  the  lower  ridges.'  Most 
of  the  rocks  are  varieties  of  trachyte. 

Sulphur  springs  are  a  common  feature  all  over  the  island,  having 
mostly  a  high  temperature,  approaching  the  boiling  point. 

The  structure  of  Dominica  seems  to  show  that  two  distinct  periods 
of  great  volcanic  activity  occurred,  in  the  interval  between  which 
the  laud  was  much  depressed,  and  coral  reefs  were  formed  upon  the 
previous  volcanic  accumulations.  The  species  of  corals  determined 
are :  Favia  ananas,  F.  coarctaia,  and  Eusmilia  aipera ;  there  are,  how- 
ever, many  others,  whose  specific  names  cannot  be  stated  with  confi- 
dence. Mr.  Quppy  gives  also  a  list  of  twenty-two  species  of  MoUuaoa 
from  the  same  formation,  which  is  stated  to  be  of  Pliocene  age. 


in. — ^Thx  Osoonost  or  the  Appalaohiaks  and  tbi  Oiiftnr  of 

Cbtstallikk  Books.^ 

By  T.  Stibkt  Hunt,  LL.D. 

rB  twentieth  meeting  of  the  American  Association  for.  the 
Advcmcemeut  of  Science  was  held  at  Indianapolis,  on  the  16th 
of  August,  1871.  On  this  occasion,  the  retiring  President,  Dr.  Hunt» 
as  is  customary,  delivered  an  address,  of  which  the  subject  chosen 
was  the  history  of  the  great  Appalachian  mountain  chain.  He  re* 
marks  that  nowhere  else  in  the  world  has  a  mountain  system  of  snoh 
geographical  extent  been  studied  by  such  a  number  of  zealous  and 
learned  investigators,  and  no  other  has  furnished  such  vast  and  im- 
portant results  to  geological  science. 

Dr.  Hunt  first  brings  forward  certain  facts  in  the  history  of  the 
physical  structure,  the  mineralogy,  and  the  palsaontology  of  the 
Appalachians;  and,  in  the  second  place,  discusses  the  conditions 
which  have  presided  over  the  formation  of  the  ancient  crystalline 
rocks  that  make  up  so  laige  a  portion  of  this  great  eastern  mountain 
system. 

A  section  across  northern  New  York,  from  Ogdensburg,  on  the  St 
Lawrence,  to  Portland,  in  Maine,  shows  the  existence  of  three  dis- 
tinct regions  of  di£ferent  ciystalline  schists.  These  are — (1).  The 
Adirondacks,  to  the  west  of  Lake  Ohamplain ;  (2).  The  Green  Moun- 

1  Printed  in  adTance  from  the  ABsodation  number  of  the  American  Natoraliit 
Sro,    Mem,  1671. 
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tuu  of  Yonnont;  and  (8),  The  White  Mountains  of  New  Hamp- 

lUre. 

(1).  The  Adirondaok  aeries,  to  which  the  name  of  the  Laurentian 
fyitem  has  been  given,  is  oomposed  chiefly  of  granitic  gneisses, 
iHoch  are  frequently  homblendio,  but  seldom  or  never  micaceous.  It 
oontaina  no  argillites,  which  are  found  in  the  other  two  series.  The 
qoaztzitea,  and  the  pyroxene  and  homblendic  rocks,  associated  with 
gnat  fonnations  of  crystalline  limestone,  with  graphite,  and  immense 
beds  of  magnetic  iron  ore,  give  a  peculiar  character  to  portions  of  the 
I^orentian  syitem. 

(2).  The  Green  Mountain  or  Huronian  series  consists  largely  of  a 
fine-grained  petrosUex  or  eurite;  true  gneiss,  which  is  ordinarily 
moie  micaceous  than  the  typical  Laurentian  gneiss,  also  occurs. 
HassiTO  stratified  diorites,  and  epidotic  and  chloritic  rocks,  often 
more  or  less  schistose,  with  steatite,  dark  coloured  serpentines  and 
Cnriferous  dolomites  and  magnesites,  also  characterize  this  gneissio 
series.  These  are  intimately  associated  with  beds  of  iron  ore,  gene- 
lilly  a  slaty  hasmatite,  but  occasionally  magnetite.  Chrome,  titanium, 
oiokely  copper,  antimony,  and  gold  are  frequently  met  with  in  this 
aeries,  l^e  gneisses  often  pass  into  schistose  micaceous  quartzites, 
and  the  argillites,  which  abound,  frequently  assume  a  soft,  unctuous 
diaracter,  which  has  acquired  for  them  the  name  of  talcose  or 
niereous  slates,  though  analysis  shows  them  not  to  be  magnesian, 
but  to  consist  essentially  of  a  hydrous  micaceous  mineral.  They  are 
lometimes  black  and  graphitic. 

(3).  The  White  Mountain  series  is  characterized  by  the  predomi- 
nance of  well-defined  mica-schists,  interstratified  with  micaceous 
gneisses.  There  are  also  beds  of  micaceous  quartzite.  Ilornblendic 
gneisses  and  schists  occur,  which  pass  occasionally  into  beds  of  dark 
hornblende-rock,  sometimes  holding  garnets.  Here  and  there  beds 
of  crystalline  limestone  are  also  found,  and  sometimes  accompanied 
by  pyroxene,  garnet,  idocrase,  S])henc,  and  graphite.  Tliey  are 
intimately  associated  with  highly  micaceous  schists  containing  stauro- 
lite,  andalusite,  cyanite,  and  garnet.  To  this  third  series  ]>elong  the 
concretionary  granitic  veins  abounding  in  beiyl,  tourmaline,  and 
lepidolite,  and  occasionally  containing  tinstone  and  columbitc. 

Dr.  Hunt  traces  o.ut  the  geographical  distribution  of  these  three 
groups,  and  discusses  the  opinions  of  difibront  observers  in  regard  to 
Qieir  relative  ages.  His  own  conclusion  is  that  the  whole  of  the 
ciystalline  schists  of  eastern  North  America  are  Pre-Cambrian  in  age. 

Referring  to  the  evidences  of  similar  rocks  in  other  countries,  he 
states  his  opinion  that  the  crystalline  rocks  of  Anglcsca  and  the 
adjacent  part  of  Caernarvon,  mapped  as  Cambrian  by  the  Geological 
Survey  of  England,  are  probably  of  Pre-Cambrian  age,  a  view  which 
he  mentions  is  supported  by  the  opinions  of  Sedgwick  and  Phillips. 

These  rocks  appear  to  him  to  be  identical  with  the  rocks  of  the 
Green  Mountain  series. 

In  the  Highlands  of  Scotland  there  exists  a  great  volume  of  fine- 
grained, thin-bedded  mica-schists,  with  andalusite,  sta\\TcA\\<b,  ^\i<\. 
cyaaite,  which  are  met  whh  in  Argyleshire,  AberdeenskiVT^,  ^Xii- 
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shire,  and  the  Shetland  Isles ;  these  Br.  Hunt  is  oonyinoed  will  be 
found  to  belong  to  a  period  cmterior  to  the  deposition  of  the  Cambrian 
sedimenta,  and  will  correspond  with  the  newer  gneissic  aeries  of  the 
Appalachians. 

Bocks  regarded  by  Harkness  as  identical  with  these  of  the 
Scottish  Highlands  also  occur  in  Donegal  cmd  Mayo. 

fVom  an  examination  of  a  large  collection  of  the  crystalline  rocks 
of  this  area  Dr.  Hunt  is  enabled  to  assert  the  existence  in  the  north- 
west of  Ireland,  of  the  second  and  third  series  of  crystalline  schists. 
He  also  observes  that  micaceous  schists,  with  andalusite  (chiasto- 
lite)  of  the  type  of  the  White  Mountain  series,  occur  on  Skiddaw, 
in  Cumberland. 

He  states  his  conviction  that  in  the  study  of  the  crystalline  schists, 
the  persistence  of  certain  mineral  characters  must  be  relied  upon  as 
a  guide,  and  that  the  language  used  by  Delesse  in  1[847  will  be 
found  susceptible  of  a  wide  application  to  ciystalline  strata — "Bocks 
of  the  same  age  have  most  generally  the  same  chemical  and  miners- 
logical  composition,  and  that  reciprocally,  rocks  having  the  same 
chemical  composition  and  the  same  minerals,  associated  in  the  same 
manner,  are  of  the  same  age." 

Turning  now  to  the  genesis  of  the  crystalline  schists  whose  geo- 
logical relations  he  has  just  discussed.  Dr.  Hunt  observes  that  the 
gneisses,  mica-schists,  and  ai^llites  of  various  geological  periods  do 
not  di£fer  very  greatly  in  chemical  constitution  from  modem  me- 
chanical sediments,  and  are  now  very  generally  regarded  as  resulting 
from  a  molecular  re-arrangement  of  similar  sediments  formed  in 
earlier  times  by  the  disintegration  of  pi-eviously  existing  rocks  not 
very  unlike  them  in  composition. 

The  whole  history  of  these  rocks  shows  that  their  various  alter- 
nating strata  were  deposited  under  conditions  of  sedimentation  veiy 
like  those  of  more  recent  times.  In  the  Laurentian  system,  great 
limestone  formations  are  interstratified  with  gneisses,  quartzites,  and 
even  with  conglomerates.  All  analogy,  moreover,  leads  us  to  con- 
clude that  even  at  this  early  period  life  existed  at  the  surface  of  the 
planet,  and  such  has  indeed  proved  to  be  the  case  by  the  discovery 
of  the  Eozo&n  Canadense,  Great  accumulations  of  iron-oxyd,  beds  of 
metaUic  sulphides  and  of  graphite,  exist  in  these  cmcient  strata,  and 
we  know  of  no  other  agency,  says  Dr.  Hunt,  than  that  of  organic 
matter,  capable  of  generating  these  products. 


L— The  STUPEirr's  Manual  of  Geology.  By  J.  Bbetk  Jukxs, 
M.A.,  F.R.S.  Third  Edition,  re-cast,  and  in  great  part  re-written. 
Edited  by  Archibald  Geikie,  F.RS.  8vo.  pp.  778.  (Edin- 
burgh :  A.  &  C.  Black,  1872.) 

THk  value  of  any  Manual  in  relation  to  the  branch  of  Natural 
Science  of  which  it  treats — and  especially  a  Manual  of  Geology 
•^ependa  to  a  very  large  extent  upon  the  aiitQCQ^<ecL\&  oi  \V/&  ^\s^.Viat, 
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wliat  has  been  bis  special  line  of  research,  and  what  have  been  his 

Trtunities  for  study.  If  his  training  has  been  essentially  gcologi- 
mineralogical,  or  palseontological,  whether  in  the  field  and 
abroad,  or  only  in  the  cabinet  and  at  home,  so  shall  we  find  a 
oeitain  prominence  of  character  given  to  one  or  other  of  these 
biancbes  of  inquiry,  and  broader  or  narrower  views  entertained. 

Imbued  as  he  was  by  Sedgwick,  in  his  early  days,  with  a  love  of 
the  science  of  G^logy,  Prof.  Jukes  prosecuted  his  favourite  study  on 
all  occasiona,  and  the  opportunities  which  he  had  by  extended  travel 
and  by  a  large  amount  of  detailed  geological  Survey-work,  carried  on 
botii  at  home  and  abroad,  gave  him  peculiar  advantages  as  the  writer 
of  a  geological  manual,  which  we  naturally  find  to  be  admirably 
adapted  to  the  wants  of  the  student.  Since  the  publication  of  the 
fint  edition  in  1857,  Jukes's  Manual  has  ranked  foremost  in  this 
ooimtxy  as  a  geological  hand-book  ;  for  while  the  works  of  other  dis- 
tingaiahed  geologists,  especially  those  of  Sir  Charles  Lyell,  have 
contributed  more  to  further  the  progress  of  the  science,  and  would, 
many  of  them,  certainly,  have  attracted  more  readers,  still  no  book 
waa  better  adapted  than  Jukes*s  for  a  class-book  for  students  taking 
^  geology  as  a  special  subject,  or  as  a  guide  (though  a  somewhat 
bolky  one)  for  the  traveller. 

We  need  not  go  into  the  history  of  the  present  Manual,  of  which 
we  have  now  the  third  edition,  further  than  to  remind  our  readers 
that  it  sprung,  like  several  other  scientific  manuals,  from  an  article  in 
the  Encyclopccdia  Brttannicay  which  appeared  uiidor  the  heading 
"  Mineralogical  Science."  Nine  years  having  elapsed  since  the  publi- 
cation of  the  second  edition,  the  progress  of  geology  has  necessitated 
great  changes ;  indeed.  Prof.  Geikie  remarks  that  so  many  changes 
have  been  made,  that  the  present  edition  may  in  some  respects 
be  regarded  as  a  new  book.  A  large  mass  of  additional  material 
has  been  inserted;  but  by  the  use  of  smaller  type,  this  has  been 
effected  without  adding  much  to  the  bulk  of  the  volume.  This  task, 
undertaken  by  the  Editor  at  Mr.  Jukes's  special  reijuest,  shortly  be- 
fore bis  death,  could  scarcely  have  fallen  into  better  hands  than  those 
of  Prof.  Qeikie,  whose  name  is  a  sufficient  guarantee  for  the  manner 
in  which  it  has  been  carried  out. 

The  chapters  (ii.  and  iii.)  entitled  "Lithology"  and  "Rock- 
forming  Minerals "  have  been  entirely  re-written  by  Dr.  Sullivan, 
and  contain  a  vast  amount  of  useful  information  ;  they  seem,  how- 
ever, to  go  rather  too  deeply  into  the  subject  for  the  purpose  of  the 
student,  making  it  very  difficult  and  long,  there  being  double  the 
numl^er  of  pages,  and  at  least  treble  the  amount  of  matter,  intro- 
duced, as  compared  with  the  second  edition.  This  coming  first,  is  apt 
to  discourage  the  beginner. 

The  Lithological  portion,  part  of  which  had  been  revised  by  Mr. 
Jakes,  has  received  much  additional  information  from  the  Editor, 
and  is  thus  rendered  of  greater  value  to  the  student.  A  novel 
feature  in  this  edition  is  the  separation  of  a  part  into  "  Dynamical 
Geologj' ; "  it  includes  chapters  on  the  form  and  internal  convWWoti 
of  the  earth,  the  movements  of  upheaval  and  depression  of  the  eariK% 
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crust,  earthquakes,  voloanos  and  volcanic  action,  and  on  undeigroiziid 
changes  effected  upon  rocks;  these  chapters  are  laigely  made  xa^ 
from  the  previous  edition.  Surface  agencies,  including  denudation, 
also  form  part  of  the  dynamical  section,  and  these  chapters  am 
chiefly  furnished  by  Mr.  Q^ikie.  It  is  interesting  to  observe  that 
the  purely  geological  portion  of  the  volume,  whi^  in  the  previouf 
edition  occupied  372  pages,  now  fills  475  pages. 

The  paleeontologicid  portion  appears  witii  little  alteration,  and  has 
been  rather  abbreviated  by  the  omission  of  the  parts  relating  to  ths 
"Life  of  the  Period."  It  does  not  seem  to  have  enjoyed  the  same 
amount  of  careful  attention  which  has  evidently  been  bestowed  npoa 
the  other  parts  of  the  book.  More  names  are  needed  in  the  lists  of 
characteristic  fossils,  but  these  do  not  appear  to  have  nndeigone 
adequate  revision.  For  instance,  only  two  new  fossils  have  been 
added  to  the  Cretaceous  period,  although  many  more  have  been 
recorded,  especially  from  the  Upper  Greensand.  NotapocorysUM  is 
now  called  PaUEOcoryaieB ;  Ananchyiea  aubglobosus  is  now  called 
Holaater.     Parasmilia  is  not  named  in  the  list. 

Prof.  Huxley  has  furnished  a  new  synopsis  of  the  animal  king- 
dom, which  appears  in  the  Appendix.  The  table  of  the  vegeti^ils 
kingdom  was  prepared  by  the  late  Dr.  W.  E.  Harvey  for  Mr.  Jokes. 

In  the  re-casting  of  the  Devonian  chapter,  a  great  deal  of  the 
matter  from  the  second  edition,  relative  to  the  Devonian  question,  has 
been  omitted.  The  two  pages  of  the  Appendix  can  hardly  be  said  to 
fairly  represent  this  last  labour  of  Mr.  Jukes,  upon  which  he  had 
expended  an  immense  amount  of  both  time  and  patient  invertigation. 

Very  valuable  additions  to  this  volume  are  the  numerous  references 
to  authorities  where  the  student  may  find  treated  in  detail  the  sub- 
jects which  are  discussed  in  it.  Strange  to  say,  only  a  single  re- 
ference, however,  is  given  to  the  works  of  the  author,  rrof.  Jukes. 

We  sadly  miss  the  excellent  glossarial  index,  a  most  useful  feature 
in  the  former  edition  of  Jukes's  Manual,  as  he  attempted  "  to  unite 
to  some  extent  an  index,  a  dictionary,  and  a  gradus."  In  the  present 
edition  all  explanations  are  left  out,  which  can  hardly  be  called  an 
improvement.  We  would  advise  the  student  to  provide  himself  with 
Page's  Handbook  of  Geological  Terms  as  a  substitute,  and  he  will 
not  then  feel  the  loss.  We  heartily  commend  this  third  edition  of 
Jukes's  Manual  of  Geology  to  all  who  are  intending  to  become 
geological  students. 


n. — Geology  op  Oxpokd  and  the  Valley  op  the  Thames.  By 
John  Phillips,  M.A.,  F.R.S.,  F.G.S.,  Professor  of  Geology  in 
the  University  of  Oxford,  etc.,  etc.,  etc.  8vo.  pp.  524. 
Illustrated  by  17  Plates  and  207  Woodcuts.  (Oxford,  1871. 
Clarendon  Press.) 

THE  volume  before  us — coming  as  it  does  from  the  pen  of  so  able 
a  geologist  and  so  eloquent  a  writer  and  scholar  as  Professor 
Phillips — is  interesting  alike  to  the  scientific  man  and  the  general 
Jiffoder, 
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Its  ocmtents  may  conveniently  be  considered  under  two  general 
Imdings :  Firstly,  the  Thames  Valley,  considered  in  its  broad  physical 
iBtttaiBS  and  geographical  relations  to  the  rest  of  England,  contrilmt- 
mg.  by  its  varied  configuration,  to  render  the  neighl)ourhood  of 
Ozfoid,  and  that  of  the  Metropolis  also,  so  pleasantly  diversified. 
And,  secondly,  its  Basement-beds,  revealing  the  important  fact  that 
oar  river  flows  over  the  upturned  edges  of  ancient  strata  rich  in  the 
zeliDS  of  organic  life,  accumulated  under  more  tropical  conditions  or 
in  a  much  warmer  climate  than  that  at  present  existing. 

For  by  consulting  a  geological  map  it  will  readily  be  seen  that  the 
strike  of  the  Mesozoic  strata  being  from  the  south-west  to  tlie  north- 
esst»  and  having  a  general  inclination  to  the  south-east,  the  beds 
which  socoessively  come  to  the  surface  are  newer  and  newer  in 
proportion  as  we  travel  in  an  easterly  direction. 

Bising  as  the  Thames  does,  within  a  few  miles  of  where  the  Severn 
is  a  navigable  river,  owing  to  the  elevated  position  of  its  watershed, 
ihe  Cotswold  Hills,  and  flowing  as  it  naturally  must  over  the  strike 
of  less  and  less  elevated  beds  towards  the  east,  it  exposes  nearly  all 
the  Mesozoic  strata,  and,  before  it  reaches  the  ocean,  the  chief  part 
of  the  Tertiary  deposits. 

Beplete  as  these  strata  are  with  the  evidences  of  former  life,  and 
differing  as  they  do  in  mineral  character,  as  well  as  in  their  organic 
remains,  they  aifford  abundant  illustrations  of  those  mutations  of  the 
surface  which  the  British  area  has  so  frequently  undergone  in  the 
past,  and  reveal  to  us  a  series  of  faunas  adapted  to  the  successive 
physical  changes  it  has  witnessed. 

It  is  to  the  elucidation  of  such  subjects  as  these  that  the  "  Geology 
of  Oxford  and  the  Valley  of  the  Thames  "  is  devoted. 

We  may  here  remark  that  in  dealing  witli  the  Oxford  district,  as  a 
field  of  geological  study,  the  author  goes  further  westward,  ]>oyond 
the  origin  of  the  Thames  valley  proper,  embracing  within  the  scope 
of  his  work  a  review  of  the  whole  period  of  geological  time  from 
the  oldest  rocks  of  the  Malvern  range  to  tlie  latest  pro-historic  allu- 
viams. 

Historical  notices  of  the  earlier  writers  who  have  contributed  to  the 
illustration  of  the  geology  of  the  Thames  Valley,  but  more  especially 
of  the  area-around  Oxford,  occupies  the  first  chapter. 

The  next  40  pages  are  occupied  with  a  sket<ih  of  the  "  Hills  and 
Vales/'  the  Thames  and  its  tributaries  forming  the  main  physical 
features  of  the  district  Tlie  author  gives  a  series  of  diagrams,  de- 
signed to  show  the  effect  of  a  gradual  submergence  of  the  land,  first 
to  250  feet  below  the  present  level,  secondly  to  a  depth  of  500  feet, 
and  thirdly  to  that  of  1000  feet 

At  the  first,  "the  Thames  Valley  would  ])e  (must  liave  been)  a  vast 
estuary,  with  a  sea-lock  up  the  Kennet  Vale ;  straits  between  the 
cbalk  hills  of  Chiltem  and  Lamboum ;  locks  right  and  left  up  the 
Thame  and  the  Ock  ;  straits  near  Abingdon  ;  and  again  locks  right 
and  left  up  the  Bay  and  up  the  Thames  ;  narrower  and  far  extended 
lea-channels  up  the  Severn  and  the  eastern  rivers."  (p.  44.) 

At  the  second  auhmergenoe  we  should  only  have  **  a  6QT\e&  oi 
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islands  branching  out  in  a  wide  expanse  of  ooean ;  the  Cotswold 
broken  up  into  many  digitated  masses ;  the  Thames  basin  confluen 
with  the  Avon  of  Wilts  and  the  Avon  of  Warwick ;  no  limit  to  th 
sea  on  ihe  eastward ;  still  ihe  straits  of  the  chalk  remain  at  Fang 
boom ;  islets  of  the  Oolite  near  Oxford ;  and  other  straits  appeal 
especially  on  the  Evenlode  and  the  Cherwell,  throngh  which  a  con: 
mmiication  is  opened  to  the  great  midland  sea  which  readies  to  tb 
hills  of  Lincolnshire,  Derbyshire,  and  Shropshire.  More  than  ha 
the  area  of  land  in  the  Oxford  district  is  now  submeiged."  Thirdly 
submerged  *'  to  1000  feet  and  nothing  of  land  remains  but  the  highi 
peaks  of  the  Malvern  Hills,  Cleeve  near  Cheltenham,  and  Broadwa 
near  Evesham.  At  intervals  during  the  depression  from  500  to  lOO 
feet,  the  straits  of  Evenlode  and  Cherwell  might  admit  ice-rafts  i 
abundance  from  the  northern  seas,  and  allow  of  violent  wave-actio 
on  the  parts  of  the  land  successively  brought  to  the  condition  of  sei 
bed.  Thus  may  the  red  pebbles  of  Warwickshire  have  been  tram 
ported  to  the^  vale  of  the  Thames,  and  many  important  effects  ( 
watery  violence  occasioned.  The  events  here  sketched  have  reall 
occurred ;  the  sea-line  has  been  changed  in  the  manner  stated,  in 
comparatively  late  part  of  geological  time,  as  it  had  often  bee 
changed  before."  ....'<  There  is  no  evidence  of  this  being  a  cab 
dysmic  process,  but  much  reason  to  treat  it  as  a  gradual  subsidenc 

and  a  gradual  resurgence  of  the  land." "  Both  while  risin 

and  while  falling,  the  water  hammered  against  the  shores  and  dredge 
along  the  channels;  wasting  the  surface,  reducing  the  height 
digging  out  the  valleys,  and  spreading  out  detritus  over  submarii 
plains." 

"  Following  continually  the  retiring  sea,  rivers  often  swept  awa 
the  traces  of  its  action,  or  covered  them  with  fr^sh  deposits.  Atm< 
spheric  vicissitudes,  rains  and  snows,  heat  and  cold,  disint^rated  tl 
rocks;  carbonic  acid  aided  in  dissolving  them;  new  phenomen 
replaced  the  older  ones ;  new  features  were  impressed  on  every  hi 
and  every  hollow ;  and  thus  our  land-surface,  as  we  see  it^  exhibl 
in  every  part  the  modifications  produced  by  what  may  be  called  tl 
'ordinary  action'  of  daily  causes,  these  being  superimposed  c 
broader  and  greater  features  generated  by  elevation  and  depressic 
on  a  great  scale,  accompanied  by  powerful  waves  and  strong  corren 
of  the  sea."  (p.  46.) 

Fourteen  chapters  are  devoted  to  the  stratigraphical  sequence  < 
the  rock-formations  of  the  area.  Each  successive  period  is  traced  oi 
mineralogically  and  palaBontologically,  and  actual  illustrative  sectioi 
are  referred  to  in  eveiy  case,  with  complete  lists  as  well  as  plati 
and  woodcut  illustrations  of  the  fossils.  Commencing  with  tl 
PalsBOzoic  rocks,  Prof.  Phillips  shows  that  *'  the  oldest  stratific 
rocks  of  England,  probably  older  than  any  in  Wales,  perhaps  as  o) 
as  any  in  Scotland,  are  found  in  the  Malvern  hills,  within  two  houi 
of  Oxford.  These  hills  rise  from  the  valley  of  the  Severn,  in  a  sol 
tary  ridge,  to  which  there  is  really  nothing  very  similar  in  tl 
British  Islands;  the  nearest  analogues,  by  geological  position  an 
mineral  cbainoter,  being  perhaps  &e  felsp&^o  rock-groups  of  tl 
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Motiy  about  Chamwood  Forest — very  ancient  rocks   certainly, 

Ikw  Malyem  hills  meet  ns,  on  our  journey  from  Oxford,  like  a  wall. 

ad  differ  in  every  way  from  all  the  strata  which  surround  them.'* 

(PL  ^%.) 

Hiiu  we  have  in  the  Malvern  ridge  of  very  old  rocks,  gneiss, 
Giaaite,  Syenite,  Diorite.  Besides  these,  whieh  are  all  well-marked 
loda,  we  have  frequently  greenstones,  felspatho-hornblendic,  or 
ftbpatho-aiigitic  compounds,  the  felspar  not  being  orthoclase,  and 
not  distinctly  crystallized.  Felstone,  Quartz-rock,  Seq)entine,  and 
idiieral  veins  composed  of  Mica,  Tide,  Epidote,  Graphite,  Copper 
pyrites,  and  Copper  carbonate,  and  sulphate  of  Baryta. 

Hie  second  period  is  formed  by  tlie  Cambrian  rocks,  represented 
by  the  Hollybush  sandstone  and  the  black  shale  yielding  Trilobites 
of  the  Primordial  type  and  other  fossil-remains. 

The  Silurian,  Devonian,  Carboniferous,  Permian,  Triassic,  Bhaetic, 
ad  Liassic  deposits  are  successively  dealt  with  in  greater  or  less 
detail,  according  to  their  development  within  the  area  treated  of  by 
&  author. 

Bat  the  great  feature  of  the  work,  and  that  in  which  is  displayed 
for  the  first  time  the  results  of  Professor  Phillips's  latest  and  most 
important  pakeontological  labours,  is  comprised  in  some  three  hun- 
dred illustrated  pages  (chaps,  xi.-xiv.),  embracing  the  author's  ''Bath 
Oolite  Period."  In  it  we  are  not  only  made  acquainted  with  the  hosts 
of  the  Invertebrata — corals,  worms,  mollusks,  insects,  crustaceans 
—met  ^th  in  the  Oolitic  rocks,  but  with  numerous  fishes,  some 
iudf-dozen  of  small  mammalia  (from  Stonesfield),  and  that  grand 
usemblage  of  reptilian  remains  for  which  Oxford  has  so  long  been 
&mouB,  comprising,  Plesio-,  Ichthyo-,  Teleo-f  Steneo-y  and  Dako- 
tanms ;  the  flying  Rhamphorhynchua ;  several  Chelonia} ;  the  great 
land-dwelling  MegalosauriiSj  and  that  mightiest  of  ancient  lizards, 
the  giant  Cettoaaurua,  with  the  remains  of  which  the  name  of  Prof. 
Phillips  will  long  be  associated  as  its  indefatigable  investigator  and 
restorer. 

Space  would  fail  us  in  which  adequately  to  descri])e  this  ancient 
denizen  of  the  Thames  Valley.  The  earliest  discovery  of  remains  of 
Cetiosaurus  dates  back  as  far  as  1825,  to  which  subsequent  additions 
from  time  to  time  were  made  by  Dr.  Buckland  and  others ;  but  it 
was  not  until  1868  that  the  present  discoveries  of  Prof.  Phillips 
were  commenced  by  the  finding  of  a  gigantic  femur  sixty -four  inches 
in  length,  the  precursor  to  the  grand  series  of  bones  laid  bare  in 
1870,  comprising  remains  from  almost  every  part  of  the  skeleton. 
Some  of  the  most  striking  of  these,  such  as  tlio  vertebra3,  ribs, 
Bcapulfe.  humeri,  ulnae,  pelvic  bones,  femora,  tibia,  etc.,  ai*e  drawn, 
one-tenth  the  size  of  the  originals;  and  when  we  remember  the 
haudreds  of  fragments  from  which  these  huge  bones  have  been  built 
up,  we  cannot  but  admire  the  skill  and  patience  brought  to  l)ear 
upon  the  task  by  Professor  Phillips  and  his  assistant,  Mr.  Henry 
Caudel. 

Taking  the  lowest  of  the  various  estimates  of  the  size  of  this  huga 
reptile  (arrived  at  by  measuring  and  comparing  its  bones  \^'V\>\i  >iKo^ 
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of  existing  crocodiles  and  lizards),  "we  shall,"  says  the  author, 
"  allow  for  a  full-sized  fossil  animal  the  length  of  fifty  feet,"  and  to 
justify  its  name  of  the  "  whale-lizard."  "  Probably  when  *  standing 
at  ease.'  not  less  than  ten  feet  in  height,  and  of  a  bulk  in  proportioii, 
tlii^  creature  was  unmatched  in  magnitude  and  physical  strength  by 
auy  of  the  largest  inhabitants  of  the  Mesozoic  land  or  sea."  (p.  29S.) 

Of  the  habits  of  Ceiio9aHrH»  we  know  but  little ;  it  was  probably 
amphibian.  '*a  marsh-loving  or  river-side  animal,  dwelling  amidst 
filicinte,  cycadaceous  and  coniferous  shrubs  and  trees  full  of  insecis 
and  small  mammalia."  Its  diet,  if  we  may  judge  by  the  sih^Is 
tooth  discoveretl,  would  indicate  it  to  have  been  nourished  by  similar 
vegetable  ioo^  to  that  on  which  the  Wealden  Iguanodon  fed — thus 
adding  another  to  the  list  of  vegetarian  lizards,  to  which  the  Liassio 
Seelido»a*iru$  and  the  Cretaceous  AcanthopholiB  also  belong,  and  as 
contravlistinguished  from  the  predaccous  Megaloaaunu,  of  which,  did 
space  i>ermit.  we  might  give  an  extract  from  Prof.  Phillips's  graphio 
account,  also  accompanied  by  numerous  figures. 

In  Chapter  xiv.,  under  -'Change  of  the  Forms  of  Life,"  and 
"  Succession  of  Life-forms,"  we  get  some  insight  into  the  ideas  on 
the  origin  of  s}>ecies  existing  in  the  author's  '  many-sided  mind.' 

After  illustrating,  in  a  series  of  tables,  the  life-history  of  the 
Oolitic  Terehratuhey  Lima,  Trigonia^  and  Pholadomya,  Prof.  Phillipt 
remarks  ^p.  4i^\  :  **  Examples  not  less  instructive,  and  all  tending 
to  the  same  conclusion,  may  l)e  taken  almost  ad  lihitum  from  all  the 
races  of  marine  animals.  In  hundreds  of  instances  we  can  traoe 
backward  in  time  the  characteristic  elements  of  generic  structure  to 
the  earliest  known  type.  In  a  small  number  of  cases  these  lines  of 
representative  life,  these  probable  genealogies,  extend  throogh  all  or 
nearly  all  the  vast  period  which  is  known  to  us  with  certainty  under 
the  titles  of  Palaeozoic.  Mesozoic,  and  Cainozoic  life  ;  a  period  which 
can  only  be  expressed  by  the  inconceivable  symbols  of  a  million, 
ten,  nay,  a  hundred  millions  of  years.  Yet,  during  all  that  im- 
mensity of  time,  through  all  the  physical  changes  which  have  hap- 
pened to  inortranic  nature,  Lingula  and  RhyHchonella  have  existed  with 
little  real  differences,  as  if  to  show  the  narrow  limits  within  whidi 
modification  by  descent  is  restricted."  And  again  (p.  406)  :  "  If 
the  amount  of  change  which  can  certainly  be  recognized  in  natural 
groups  extend  only  to  specific  distinctions  in  the  course  of  all  as- 
signal>le  time,  and  yet  genera  have  given  birth  to  others  unlike 
themselves,  how  vast  must  have  been  the  pre-Cambrian  periods,  to 
have  allowed  of  this  change  from  some  one  supposed  primary  into 
the  many  definite  genera  which  the  Cambrian  rocks  contain  1  Many 
times  one  hundred  millions  of  years  would  be  required  if  the  slow 
process  now  obser\*able  in  nature  be  taken  as  the  measure  of  effect: 
^©  have  no  trace  of  snch  periods,  and  perhaps  astronomy  and  the 
JJjathematical  theory  of  heat  will  not  allow  of  such  vast  duration  to 
the  habitable  condition  of  the  earth."  From  these  and  other  para- 
^J^Phs  we  may  conclude  that  Prof.  Phillips  is  opjxwed  to  the  theory 
^*  ^Volution,  or  at  least  that  he  derives  no  evidence  in  its  &vour 
^oxQ  fjjQ  course  of  hiB  widely-extended  and  iii\]i\.^im.oufi  atudies. 


Seciews — Leland^s  Tramlation  of  the  Oattdeamus.        8fi 

We  n^ret  that  onr  lirailed  space  precluiles  our  discussing  criticallj 

fte  vast  a^iditioDs  to  paliBozoology  tliis  work  contains— a  task  in 

I  Jtelf  reqniriog  fnrniDre  space  than  we  have  already  occupied  ;  but 

I  BdipemleDtly  of  the  original  palteonlological  results  so  ahly  worked 

—  ■-■'  illustirstcd  hy  means  of  the  rich  collections  in  the  Oxford 


Mtiseufu — which  he  has  for  years  been  occupied  in  accumulating, 
«nd  which  must  in  themselves  be  of  great  interest  to  the  student  of 
falxontology — Profesnor  Phillips's  work  contains  in  itself  a  concise 
Axtch  of  lUesozoia  Geology,  which,  in  the  form  presented,  cannot 
bil  to  prove  of  interest  to  all  its  readers. 


E,  GAUDKAsfus  I  HuMOROTia  Poems,  tbanslatmd  tbow  thb  German 
OF  Joseph  Victob  ScBKrrKi.  and  otbers.  By  Chahlks  G. 
Lklakd.     16mo.,  pp-  154.     (London,  Triibner  &  Co.,  1872.) 

rtnaj  astoQad  some  of  our  readers  to  see  in  the  pages  of  this 
Journal  a  notice  of  a  book  with  such  a  title  as  the  above ;  we 
iaosl,  therefore,  at  once  exjilaia  that  ScLefiel'a  poems,  aa  tratiKliited 
by  Leland,  are  intended  to  form  a  part  of  every  geologist's  iibnirj, 
and  the  English,  edition  being  small,  it  can  conveniently  be  put  into 
every  geologist's  pocket  or  knapsack.  Then,  when  the  way  proves 
loDg,  and  the  load  of  rocks  or  fossils  wearisome,  he  wiU  find  it  is 
good  to  fdt  down  on  the  first  convenient  seat  by  the  wayside,  and 
h»vuig  taken  out  his  pipe  and  his  Gaudeamia,  he  will  follow  Kir. 
Leland's  directions,  and  say  to  his  oompaniou  if  he  have  one — or 
tofatmself  if  hehavenone — "Let  ub  bejoliy," 

Mr-  Leland  writes ' — Josepb  Victor  Scheffei  ia  at  present  the 
most  popular  poet  in  Germany,  and  "without  being  presenteil  as 
ncfa,  these  ballads,  though  oomp1et«  in  themselves,  form  in  their 
connexion  a  droll  history  of  the  world  and  of  humanity — advancing 
from  the  early  outburst  of  Granite  and  Basalt,  through  the  bouiJer 
of  Gouiss  to  the  Ichthyosaurus  and  Megatherium.  Man  then  appears 
u  a  dweller  in  the  Pre-hiatoric  Swiss  Lake-dwelling  on  poles,  where 
he  bitterly  bewails  the  misfortune  of  being  a  pioneer  of  civiliKation, 
and  as  one  bom  before  the  invention  of  modem  comforts."' 

"  In  ttaeki  I  iDoaid  gladly  graa  ieialth)i. 

But  txtKangt  iijiotytt  undertteod : 
A  go»d  glut «/'  bttr  wauid  ii  htailhf. 

Bat  tiettr  a  drop  A«  btm  hrttntd." — (p.  31.} 

The  early  Phoenician  ia  set  forth  in  a  droll  song  entitled  "  Old 
Aaiyri&n'JoQah."     p.  48. 

There  appear  to  be  songs  to  suit  all  tastes;  hnt  two  have  especially 
delighted  OS,  both  by  their  originality  and  the  excellence  of  their 
iliythm.     One  of  these  is  entitled  the  "Guano  Song,"  and  describes 

'  TnaaUtoi't  Piefaee. 
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the  Pre-historic  colonies  of  sea-birds  gradually  building  up 
masses  which  form  the  Chincha  Islands  — 

Ever  pt/nckring  pious  question;  And  th$  children  pmr$u$  mor§  mdightsitti 

Thfy  labour  right  faithfully.  What  thsirfathgrs  in  silence  bigun. 

For  blessed  are  their  digestionsy  To  a  mountain  it  rims  and  whitmed 

And  flowing  like  poetry.  By  rays  of  a  tropical  MkM. 

For  the  birds  are  all  *  PhUosophenj  In  the  rosiest  light  thet$  sagas 

To  the  principal  precept  inclined  ;  Look  doum  at  the  future  aud  esiy, 

Jf  the  body  be  properly  open,  In  the  course  of  hiatorieal  ages 

Then  all  will  go  well  with  the  mind.  We  shall fU  up  the  oeean  some  day.  (p^) 

The  other  is  named  <' Asphaltum, "  and  describes  the  defiolaie 
region  of  the  '  dead  Dead  Sea,'  where  a  Dervish  is  keeping  tryst 
'  with  a  maiden  from  Galilee.'  But  this  must  be  read  to  be  propeiiy 
appreciated. 

''The  Tazzleworm*'  is  another  coital  student's  song;  but  how 

shall  we  choose  among  such  an  embarraa  de  riches  f    Let  us  ttke 

"  Granite."— 

In  hin  lair  subterranean^  grumbling  With  flashing  and  crashing  mud  beilaw. 

Old  Granite  said :  *  One  thing  is  sure.  As  though  the  worUPs  emd  were  to  dntdf 
That  slopping  and  slippery  tumbling  Been  Oreywack,  that  decent  oldfettaWf 

Vp  yonder,  no  more  PU  endure.  In  terror  stood  up  on  hie  head* 

So  wearily  wallows  the  water 

His  billows  of  brine  o*er  the  latid,  Also  StofieeoeU  and  Limestone  and  IWw 

*  Stead  of  prouder  and  fairer  and  better  Fast  vanished,  internally  mined. 

All  is  turnifig  to  slime  and  to  sand.  Loud  wailed  in  the  Jurm,  the  Lieu. 

That  thewUdfirehad  searched  him  hehmd. 
That  would  be  nice  litnestony  cover,  And  Litnestone,  the  marl-plot  of  chalkerSf 

A  stveet  geological  swash.  Said  later,  m  deep  earnest  ehisnee. 

If  the  coat  of  i/te  wide  world  all  over  *  Was  there  no  one  to  stop,  *mongyou  toUsers, 

Were  one  sedimetitary  wash.  This  wUd  revolution  betimes  f* 

By  and  by  'twill  be  myth  and  no  true  thiftg 

What  were  h  ills-what  was  h  igh  or  was  low.  But  upwards  through  strata  emdfomUmine 
The  deuce  take  their  drifting  and  smoothing;     Passed  the  conquering  hero  with  hetU^ 

Hurrah  !  for  eruption  I  go  !*  Until  from  the  sunniest  mountaine 

He  gazed  on  the  world  at  hisfsH. 
So  he  spoke,  and  to  aid  him,  pro  rata.  Then  he  shouted  with  yelling  and  singing^ 

The  brave-  hearted  Porphyry  flew,  *  Hurrah  !    '  Twos  courageoudy  done^ 

The  weak-minded  crystalline  strata  Even  we  can  be  doing  and  bringing 

He  scornfully  shattered  in  two.  JFhat  it  only  needs  pluck  to  be  won* 

We  cannot  close  this  notice  without  thanking  Mr.  Leland  for 
making  us  acquainted  with  this  most  amusing  collection  of  ballads, 
and  wishing  it  may  be  as  well  received  as  his  former  publications, 
"  Hans  Breitmann  "  and  other  ballads.*  It  may  interest  our  readers 
to  learn  that  "  the  geological  songs  owe  their  origin  to  a  course  of 
lectures  on  Geology  which  Pastor  Schmezer  delivered  at  the  time.' 
Scheffel  regularly  attended  these  lectures  of  his  friend,  and  the 
latter  was  certain  to  find  as  regularly  on  the  following  morning  of 
his  lecture  a  poetical  resum^  of  it  on  his  desk,  in  the  form  of  a 
humorous  poem."' 

^  Mr.  Leiand's  list  of  works  includes  "  Confdcius  and  other  Poems.**  "  France, 
Alsace,  and  Lorraine."  "  Heine's  Pictures  of  Travel,"  "  Heine's  Book  of  Songs." 
••Meister  Karl's  Sketch-Book."  "The  Poetry  and  Mystery  of  Dreams,"  "The 
Breitmann  Ballads."  This  last-named  scries  has  attained  the  highest  popularity 
both  here  and  in  America. 

-*  la  Heidelberg. 

'  Introductorj  Memoir  of  Joseph  Victor  Sc\veffe\,  "b^  t\»  1x«DAa.V«, 
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IV. — Tee  Pboorsss  of  Okolooioal  Besbabch  in  Connection  with 
ZHi  Geology  of  the  Countbt  abound  Liyebpool. 

By  G.  H.  Morton,  F.G.S.,  etc. 

[Two  Animal  AddreBses  to  the  Liverpool  Geological  Society.  Sessions  XI. 

and  XII.    1871.] 

,  /GEOLOGICAL  literature  is  so  vast  and  so  diffused  that  all  attempts 

UT    to  bring  together  and  enumerate  the  bibliography  of  particular 

districts  are  most  welcome.     We  not  only  want  lists  of  papers  on  the 

geology  of  every  British  county  and  of  particular  districts,  but  also 

of  writings  on  special  PalsBontological  subjects,  whether  zoolo- 

or  botanical ;  in  fact,  a  sort  of  Ormerod's  Index  applied  to  all 

publications  bearing  on  British  geology  is  desirable. 

Before  writing  a  paper  one  has  (at  any  rate  one  ought)  to  study 
ihe  literature  of  the  subject,  in  order  to  give  due  credit  to  those 
observers  who  have  previously  published  communications  on  a  similar 
topic.  To  find  out  what  has  been  written  on  a  particular  subject  is 
often  a  difficult  task,  therefore  we  are  glad  to  see  such  papers  as  Mr. 
Morton's,  wherein  the  bibliography  of  a  district  is  given.  In  this 
paper  Mr.  Morton  enumerates  the  geological  writings  in  reference 
to  the  Carboniferous,  Triassic,  and  Post-Pliocene  strata  of  the  country 
around  Liverpool,  giving  also  some  criticisms  upon  them. 

Mr.  Whitaker  has  done  a  great  deal  of  work  in  the  same  direction. 
We  had  occasion  recently  to  notice  his  list  of  works  on  the  Geology, 
etc.,  of  Devonshire ;  and  another  list  was,  we  believe,  sent  by  him 
to  the  British  Association  at  Edinburgh. 

We  may  take  this  opportunity  of  mentioning  to  Lancashire  geo- 
logists the  title  of  a  paper  which  we  came  across  while  looking  up 
some  communications  on  the  Geology  of  Somersetshire,  which  does 
not  appear  in  Mr.  Morton's  lists,  a  fact  not  to  be  wondered  at  consider- 
ing the  publication  in  which  it  occurs.  It  is  this :  "  Remarks  upon 
the  inferior  strata  of  the  earth  occurring  in  Lancashire,  with  some 
miscellaneous  observations  arising  from  the  subject"  By  Dr. 
Campbell.  With  a  coloured  geological  map  of  the  county,  by  Dr. 
Wilkinson.  In  vol.  xii.  of  "  Letters  and  Papers  on  Agriculture, 
Planting,  etc.  Selected  from  the  correspondence  of  the  Bath  and 
West  of  England  Society," '  1810,  p.  8o. 

This  is  probably  one  of  the  earliest  attempts  to  illustrate  the 
geology  of  the  county  of  Lancashire.  H.  B.  W. 

V. — RfevuE  DE  GioLOOiE,  pour  les  annees  1867  et  1868.     Par  MM. 
Delesse  et  Lappabent.     (Paris,  1871.) 

TH'R  publication  of  the  seventh  volume  of  the  Revue  de  Geologie 
was  delayed  in  consequence  of  the  troubles  to  which  Paris  was 
subjected  during  the  late  war.  Like  the  previous  volumes,  it  evinces 
the  same  care  on  the  part  of  the  editors  in  selecting  and  abstracting 
the  most  important  papers  and  memoirs  bearing  on  geology  published 
daring  1867 — 68,  arranged  under  the  sections  of  Physiographical,  Li- 

*  The  pnhMcBtion  now  carried  on,  aa  a  aecond  series,  is  the  J  ouni«\  oi  V\i^  ^«.>3(i 
dad  Weat  of  Sagland  Agricultural  Society. 
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thological,  Historical,  Oeographioal,  and  Dynamical  Geology ;  beridea 
which  are  some  special  papers  sent  expressly  for  the  Review,  such  as 
M.  Delbos'  on  the  Department  of  the  Haut-Rhin ;  MM.  Mossej  and 
Lacroix'  on  the  Departments  of  the  Ariege  and  Lot  and  CJaronne ; 
and  a  useful  table  of  the  classification  of  the  rocks  of  Jura,  with 
their  mineral  characters  and  characteristic  fossils,  by  the  late  M. 
Ogerien ;  as  well  as  some  analyses  of  rocks  and  minends  made  at  the 
Normal  School  and  School  of  Mines. — J.  M. 


Geological  Society  of  London.— December  20th,  1871. — Joseph 
Prestwich,  Esq.,  F.R.S.,  President,  in  the  Chair. — The  following 
communications  were  read  : — 1.  A  Letter  from  G.  Milner  Stephen, 
Esq.,  F.G.S.,  to  the  late  Sir  Roderick  Murchison,  dated  Sydney, 
6th  October,  1871,  announcing  the  discovery  of  a  rich  auriferous 
deposit  on  the  banks  of  the  river  Bonde,  on  the  N.E.  coast  of  New 
Caledonia,  and  of  a  great  deposit  of  Tin-ore  in  the  district  of  New 
England,  New  South  Wales.  The  gold  in  New  Caledonia  is  found 
in  drift,  and  there  are  indications  of  the  near  proximity  of  a  quartz- 
reef.  The  Tin-ore  in  New  South  Wales  is  said  to  be  in  "  pepitas, 
crystals,  and  beds  of  conglomerate ;  especially  in  Micaceous  granite, 
more  or  less  decomposed." 

Di8cx'88ioir.— Mr.  D.  Forbes  stated  that  in  1859  he  had  placed  in  his  hands  some 
specimens  of  granite  from  the  district  the  discovery  of  tin  in  which  was  announced 
by  Mr.  Stephen,  and  that  he  found  them  to  be  perifectlv  identical  with  the  stanni- 
ferous granites  of  Cornwall,  Spain,  I'brtugal,  Bolivia,  reru,  and  Malacca,  which  ha 
had  also  examined.  These  ^onites  were  all  composed  of  white  orthoclase  felspar, 
colourless  or  black  Muscovite  mica,  and  quartz.  He  was  not  aware  that  tinstone 
(cassitcritc  or  oxide  of  tin)  occurred  anywhere  in  rock  of  a  different  character.  It 
was  always  accompanied  by  more  or  less  native  gold. 

Mr.  Pattison  remarked  that  in  many  places  where  tin  occurred  it  was  not  present  in 
sufficient  quantity  to  be  remuneratively  worked. 

Mr.  D.  Forbes,  in  answer  to  a  question  from  Prof.  Bamsay,  stated  that,  as  fiEu:  as 
could  be  ascertained,  the  age  of  the  stanniferous  granites  mentioned  by  him  most  be 
between  the  end  of  the  Silurian  and  the  early  part  of  the  Carboniferous  period. 

Prof.  Ramsay  would  carry  them  down  to  the  close  of  the  Carboniferous  period, 
and  w^ould  bo  contented  to  term  them  pre-Permiau. 

2.  **  Remarks  on  the  Greenland  Meteorites."  By  Prof.  E.  A. 
Nordenskjold,  For.  Corr.  G.S. 

The  author  stated  that  the  masses  of  meteoric  iron  brought  from 
Greenland  by  the  recent  Swedish  expedition  seemed  to  have  formed 
the  principal  masses  of  an  enormous  meteoric  fall  of  Miocene  date, 
extending  over  an  area  of  some  200  miles.  The  iron  appears  to  be 
free  from  silicates.  Against  its  eruptive  origin  the  auUior  urges 
that  when  heated  it  evolves  a  great  amount  of  gaseous  matter,  and 
that  it  contains  imbedded  particles  of  sulphide  of  iron,  the  mass 
itself  being  nearly  free  from  sulphur.  The  masses  are  composed  of 
meteoric  nickeliferous  cast  and  wrought  iron,  or  of  mixtures  of  tbe 
two ;  in  the  last  case  the  Widmannstaetten's  figures  are  best  deve- 
loped. The  author  further  noticed  the  various  conditions  in  which  the 
7vn  ocean;  viz.  1,  as  meteorites ;  2,  filling  qx«a^\  ^,  «&  Aucsocai- 
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form  stones  cemented  with  oxide  and  silicate  of  iron ;   and  4,  in 
grains  disseminated  in  the  basalt. 

Dncvssioif. — Mr.  Roberts  protested  against  the  eTolation  of  gaseous  matter 
temg  eomidered  aa  a  proof  of  meteoric  origin. 

Prof.  Ramsay  reiterated  his  preriously  expressed  opinion,  that  the  masses  of  iron 
flight  be  of  teUnric  origin. 

3.  "  Further  Bemarks  on  the  Belationship  of  the  Xiphoaura  to  the 
Ewr^terida  and  to  the  Trilobita"  By  Henry  Woodward,  Esq., 
F.G.S. 

In  this  paper  the  author  described  the  recent  investigations  made 
by  Dr.  A.  S.  Packard,  Dr.  Anton  Dohm,  and  the  Rev.  Samuel  Lock- 
wood,  upon  the  developmental  history  of  the  North  American  King- 
crab  (lAmvlus  Polyphemus)  y  and  discussed  the  conclusions  as  to 
the  alliances  of  the  Xiphosura  and  Eurypterida,  and  the  general 
elaasification  of  the  Arthropoda,  to  which  the  results  of  these  inves- 
tigationB  have  led  Dr.  Dohm  and  some  other  continental  naturalists. 
According  to  this  view,  the  Xiphosura  and  Eurypterida  are  more 
nearly  related  to  certain  Arachnida  (the  Scorpions,  etc.)  than  to  the 
Crostaoea ;  and  this  opinion  is  further  supported  by  the  assertion 
of  Dr.  Dohm,  that  in  Limtdus  only  one  pair  of  organs  (antennules) 
reoeives  its  nerves  from  the  supracesophageal  ganglion,  and  that  the 
nature  of  the  underlip  in  Limulua  differs  from  that  prevailing 
among  the  Crustacea.  Dr.  Dohm  also  recognizes  the  relationship 
of  the  Merostomata  to  the  Trilobites,  as  shown  especially  by  the 
development  of  Limtdus,  and  considers  that  the  three  forms  (Limu- 
Uda,  Eurypterida,  and  Trilohita)  should  be  combined  in  one  group 
nnder  the  name  of  Gigantostraca,  proposed  by  Hiickel,  and  placed 
beside  ths  Crustacea.  The  author  stated,  on  tho  authority  of  Prof. 
Owen,  that  Limulus  really  possesses  two  pairs  of  appendages  which 
receive  their  nerves  from  the  supraoesophageal  ganglion ;  that, 
according  to  Dr.  Packard,  the  young  Limidm  passes  through  a 
Nauplius-stage  while  in  the  egg;  that  no  argument  could  be 
founded  upon  the  lower  lip,  the  condition  of  which  varied  extremely 
in  the  three  groups  proposed  to  be  removed  from  the  Crustiicea ;  and 
he  maintained  that  even  from  the  ultra -Darwinian  point  of  view 
taken  by  Dr.  Dohm,  the  adoption  of  his  proposal  would  be  fatal  to 
the  appUoation  of  the  hypothesis  of  evolution  to  the  class  Crustacea. 

DiacrssxoN. — Prof.  T.  Rupert  Jones  remarked  upon  the  intere8t  attaching  to  the 
ftndj  of  the  Crustacea,  and  called  attention  to  the  absence  of  any  indications  of  con- 
Tcrgence  in  our  present  knowledge  of  the  class.  He  thought  that,  in  the  present  day, 
ve  most  neTerthelcss  look  hack  to  some  point  of  convergence  from  which  the  varied 
forms  known  to  us  may  have  proceeded  bv  evolution. 

Prof.  Macdonald  remarked  that  difficulties  must  be  expected  to  occur  in  classifica- 
tion. He  believed  that  all  Invertebrate  animals  were  to  be  regarded  as  turned  upon 
their  backs,  as  compared  with  Yertebrata.  The  cephalic  plate  in  Limtdtis  he  regarded 
as  tVte  equivalent  of  the  palute-bone.  The  incisive  palate  was  very  distinct  in  the 
Crabs.  The  absence  of  one  pair  of  antennae  did  not  appear  to  be  any  reason  for  re- 
moTinff  Limulu$  from  the  Crustacea. 

Dr.  liurie  considered  that  tho  contemplation  of  the  multitude  of  young  forms  re- 
ferred to  by  Mr.  Woodward  should  servo  as  a  warning  to  dcscribers  of  species,  and 
aiso  as  a  cneck  to  generdizations  as  to  the  number  of  species  occurring  m  N«inoM% 
IbnnatioDs.    He  remarked  that  if  we  were  at  a  point  when  the  presence  ox  a\»e\iett  ol 
ama^JepMir  of  nerves  oould  be  taken  as  distfoguishing  class  from  claw,  ttioee  cXannik 
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must  be  regarded  as  Tery  nearly  allied.    He  thought  that  the  doctrinfl  of  erolutioft 
was  bein^  pushed  farther  than  the  known  facts  would  warrant. 

Mr.  Woodward,  in  replying,  drew  attention  to  the  series  of  diamms  of  the  embip 
and  larva  of  the  recent  jLimw/tw,  comparing  them  with  Zimulut  of  the  Coal-measurai^ 
NtoHmtdus  of  the  Silurian,  and  also  with  the  larval  stages  of  the  Trilobitea,  dis- 
covered by  Barrande.  He  pointed  out  the  strong  resemblance  which  the  fossil  fbnns 
offer  to  the  early  stages  of  the  modem  King-crab,  and  expressed  his  assent  to  tb« 

froposal  of  Dr.  Dohm  to  bring  the  Trilobita,  u  possible,  nearer  to  the  Merostomata. 
f,  however,  the  Trilobites  have  true  walking-legs  instead  of  month-feet  (gnathopo- 
dites^  only,  they  would  be  more  closely  related  to  the  Isopoda.  He  showed  1^  a 
tabular  view  or  the  Artbropoda  that  the  known  range  in  time  of  the  great  flsfs  is 
nearly  the  same,  and  therefore  affords  no  argument  for  combining  the  Merostomata 
with  the  Arachnida ;  but,  on  the  contrary,  he  considered  that  the  Trilobita  were, 
with  the  Entomostraca,  the  earliest  representatives  of  the  class  Crustacea,  and  ooold 
not  therefore  be  removed  from  that  clasB. 

Royal  Geological  Sooiktt  of  Ireland. — ^Wednesday,  December 
13th.  William  Ogilby,  Esq.,  F.G.S.,  in  the  Chair.— William  Hellier 
Baily.  F.L.S.,  F.G.S.  etc.,  read  a  paper,  *<  Additional  Notes  on  the 
Fossil  Flora  of  Ireland."  He  first  described  a  new  foBsil  plant, 
collected  by  the  Geological  Survey  of  Ireland  from  the  Carboniferons 
Limestone,  at  Wbitestone  Quarry,  near  Wexford,  under  the  name  of 
Filicites  plumiformia.  This  fossil  he  alluded  to  as  being  of  a  very 
unusual  character  compared  with  those  hitherto  observed  in  the  Coal- 
shales,  or  Carboniferous  strata  generally,  bearing  a  considerable  re- 
semblance to  some  of  the  Cycadeae,  especially  Paladozamia,  a  genus  at 
present  confined  to  Oolitic  strata.  The  author  observed  that  it  ap- 
proached most  nearly  in  form  to  Filicites  vitiarioides  (Brongn.  V^. 
Foss.,  pi.  137,  fig.  1),  from  the  Coal-formation  of  Bichmond,  Vir- 
ginia.— Tlio  author  then  brought  before  the  meeting  the  results  of 
his  examination  of  the  collections  made  from  the  interesting  fossil 
locality  in  the  Upper  Old  Red  Sandstone  of  Kiltorcan,  county  of 
Kilkenny,  these  fossils  having  excited  considerable  attention  from 
Continental  and  American  palaeontologists.  The  large  Fern  origi- 
nally named  by  the  late  Professor  Edward  Forbes  CydopteriB  Htber- 
ninia,  he  alluded  to  as  being  now  referred  by  Dr.  Schimper  to  his 
genus  PalaoptertSy  who  described  it  as  differing  from  Cydopteris  in 
the  arrangement  of  its  leaflets,  and  from  Adiantites  (in  which  genus 
it  was  afterwards  placed  by  Brongniart)  in  its  mode  of  fructification. 
Two  additional  species  of  Fossil  Ferns  had  been  since  described  by 
the  author  from  this  locality,  Sphenopteris  Hookeri  and  S.  HumphreS' 
ianum.  Another  plant  frequent  at  this  place,  having  a  fluted  or 
ribbed  stem,  had  been  referred  by  him  to  Sagenaria  Vdtheimiana. 
Professor  Schimper,  however,  to  whom  he  had  sent  a  series  of  speci- 
mens, considered  it  to  be  a  distinct  species,  naming  it  Knorria 
Bailyana,  he  having  had  opportunities  of  comparing  its  fruit  with 
that  of  S.  Veltheimianay  from  which  it  diflfered  considerably.  The 
author  believed  the  plant  named  Leptdodendratif  and  afterwards 
Cycloatigma  minuta  by  Dr.  Haughton,  to  be  the  upper  branches  of 
Knorria.  Drawings  of  this  species  were  exhibited  by  him  of 
the  natural  size,  showing  a  root  allied  to  Sttgmaria,  succeeded  by  a 
longitudinally  ribbed  stem  like  Sigillaria,  the  upper  portion  branch- 
iDg-.    Ajtfsociated  with  it,  cone-like  bodies  occsox,  oom^v^  oil  ^i[i.- 
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g»ted  scales,  to  which  are  appended  long  grass-like  linear  leaves, 
•ome  of  the  detached  scales  showing  large  and  very  distinct  sporules 
at  their  base ;  these  were  considered  by  him  to  be  in  all  probability 
the  fruit  of  this  species. — The  plants  named  Cydostigma  by  Prof. 
Hanghton,  which  are  also  abundant  at  this  locality,  the  author 
beHeved  to  be  quite  a  distinct  genus  from  Knorria,  He  showed 
that  the  external  characters  and  condition  in  which  it  was  found 
offered  no  comparison  with  that  species;  there  was  no  ribbing  of 
the  surface,  which  was  marked  by  fine  strias,  the  rows  of  stigmsd 
being  arranged  at  much  wider  distances.  The  author  believed  the 
plant  named  by  Brongniart  Lepidodendron  Oriffithii,  to  be  a  terminal 
hranch  of  CydoMiigma.  Of  this  genus  Dr.  Haughton  had  named 
three  species ;  these  the  author  proposed  to  restrict  to  one,  C7.  Kilior' 
htMie,  Haughton. — In  conclusion,  the  author  brought  forward  facts 
to  disprove  the  statement  made  by  Mr.  Oarruthers  in  the  discussion 
upon  Dr.  Heer's  paper  on  the  Bear  Island  Flora  (as  reported  in 
the  Journal  of  the  Geological  Society  of  London,  vol.  xxvii., 
p.  1,  etc.),  who  had  charged  the  Irish  paloeontologists  with  "  mis- 
leading Professor  Heer  by  their  erroneous  determination  of  the 
Eiltorcan  Lepidodendron"  and  thus  influencing  his  belief  in  the 
Carboniferous  rather  than  the  Devonian  character  of  this  deposit. — 
In  addition  to  the  Fossil  Plants,  the  author  enumerated  the  other 
associated  Fossils  at  this  rich  locality :  the  Fish  remains,  including 
Coccosteus,  PterichthySf  Dendrodus,  and  Olyptolepis,  with  new  Crus- 
tacea named  by  him  Fterygotua  Hibemicus,  Eurypterus  Kiltorkenaia, 
and  Proricarts  McHenrici ;  together  with  the  only  Molluscan  shell 
named  by  Professor  Forbes  Anodonta  Jukem;  ail  of  these  fossils 
indicative,  in  the  author's  opinion,  of  the  fresh- water  origin  of  this 
deposit. — Professor  Haughton  spoke  as  to  the  great  vtdue  of  the 
communication,  and  moved  that  the  paper  should  be  printed  with 
fully  illustrated  plates,  a  resolution  which  was  carried  unanimously. 
Professor  Traquair's  "  Bemarks  on  the  Genus  Fhaneropleuron  " 
was  then  read. 

GsoLOOiSTs'  Association,  6th  January,  1872. — The  Rev.  T.  Wilt- 
shire, M.A-,  F.G.S.,  President,  in  the  Chair. — "  On  the  Overlapping 
of  several  Geological  Formations  on  the  North  Wales  Border,"  by  D. 
C.  Davies,  of  Oswestry.  Tlie  author  stated  that  the  geological  for- 
mations of  the  district  ranged  upwards  from  the  Llandeilo  to  the 
New  Bed  Sandstone.  Attention  was  directed  to  the  way  in  which 
nearly  every  one  of  these  overlapped  the  one  below,  hiding  in  its 
course  many  of  the  beds,  amounting  in  some  cases  to  1000  feet  of 
strata,  which  at  other  points  were  exposed.  The  overlaps  increase 
as  a  rule  from  north  to  south,  except  in  that  of  the  Bala  and  Caradoo 
beds  by  the  Llandovery,  which  increases  in  an  opposite  direction. 
The  author  inferred  that  the  conformability  of  strata  at  a  given  point 
did  not  necessarily  prove  the  imbroken  sequence  or  complete  series 
of  the  beds  at  that  point,  and  also  that  conformability  between  either 
two  consecutive  beds  of  the  same  formation  or  between  ttiOBfe  ot  \.^o 
distinct  formations  was  not  to  be  expected  to  extend  over  Ok  W^ 
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uraa.  Amongst  other  facts  stated  in  this  paper  was  the  important 
una  that  Coal-seams  occarred  in  Permian  strata  in  the  neighbourhood 
uf  Ifton. — The  President  remarked  upon  the  enormons  time  required 
fi)r  the  production  of  the  phenomena  described  by  Mr.  Dayies. — Pro! 
Morris  explained  the  geological  and  physical  features  of  the  district, 
and  spoke  of  tbe  high  value  of  the  paper,  **  Report  of  the  Proceed- 
ings of  the  Greological  Section  of  the  British  Association  at  Edinburgh, 
1871/'  by  John  Hopkinson,  F.G.S.,  etc,  one  of  the  deputation  from 
the  Geologists'  Association.  In  this  communication  the  author  suc- 
cinctly stated  the  more  important  features  of  the  opening  address  of 
the  President,  Prof.  Qeikie,  and  of  the  many  papers  read  before 
Section  C,  at  the  meeting  at  Edinburgh  last  year,  and  gave  interest- 
ing accounts  of  the  two  geological  excursions  under  the  direction  of 
Prof.  Geikie. — J.  J.  B.  Ives,  Esq.,  F.Q.S.,  communicated  the  interest- 
ing fact  of  an  extensive  bed  of  peat  occurring  under  gravel  between 
Finchley  and  Whetstone. — Fossils  from  the  Qlacial  deposits  of  Isling- 
ton Cemetery  were  exhibited  by  Caleb  Evans,  F.Q.S. — At  the  next 
ordinary  meeting,  2nd  February,  a  paper  will  be  read  by  the  Rev.  T. 
G.  Bonney,  M.A.,  F.GS.,  " On  the  Chloritic  Marl  Deposits  of  Cam- 
bridge."   

OOI^I^ES:P035nDE3SrGE. 

♦ 

THE  RAISED  BEACH  ON  PORTSDOWN  HILL. 

Sib, — Having  been  prevented  by  ill-health  from  attending  the 
meetings  of  the  Geological  Society  this  winter,  I  missed  the  discus- 
sion of  the  President's  paper  on  the  above  subject,  read  Dea  6th, 
and  crave  your  permission  for  a  brief  remark  about  it. 

In  my  paper  on  the  Weald,  in  the  27th  volume  of  the  Society's 
Journal,  I  endeavoured  to  show  that  the  denudation  of  the  Weald 
was  brought  about  by  a  greater  upcast  of  the  western  or  Hampshire 
area  over  that  of  tlio  eastern  or  Kentish  area ;  the  intensity  of  the 
forces  producing  this  preponderating  western  upcast  having  given 
rise  to  the  two  rectilinear  ridges  of  the  Hogsback  and  Portsdown 
Hi]l.  I  also  endeavoured  to  show,  both  by  description  and  restora- 
tion maps,  the  way  in  which,  as  it  appeared  to  me,  the  sea  was  pushed 
off  eastwardly,  and  confined  within  an  irregular  trough,  that,  under 
the  peculiar  geographical  conditions  of  the  time,  received  the  drain- 
age of  the  Thames  area  in  the  reversed  direction  of  its  present  flow, 
by  means  of  which  the  Weald  valley  was  denuded. 

Although  gravels  occur  at  far  higher  elevations  than  that  occupied 
by  this  raised  beach,  yet  objections  to  the  marine  origin  of  such 
gravels— objections  which  cannot  be  settled  one  way  or  the  other,  by 
reason  of  the  absence  of  organic  remains — are  always  raised  in 
opposition  to  the  argument  for  the  marine  denudation  of  the  south- 
east of  England  and  Weald  valley.      Here,  however,  we  have  what 

ims  to  be  admitted  as  a  marine  bed,  at  300  feet  elevation,  on  one 

two  rectilinear  ridges  whose  origin  I  thus  have  endeavoured 

00,  aad  ooDnect  with  the  general  maxm^  ^Q»ii\]L<^\k»xL  oil  ^^ 
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■outh-east.  Three  hundred  feet  would  not  only  oover  the  major  part 
of  the  Weald  with  the  sea,  but  would  also  convert  the  south-east  of 
England  into  an  archipelago,  in  which  the  extent  of  the  land-area 
iroold  be  intermediate  between  that  shown  in  my  restoration-map 
N<K  L,  and  that  shown  in  No.  II. ;  and  it  is  to  the  period  intermediate 
between  these  two  restorations  that  I  have  assigned  the  upthrow  of 
Portsdown  Hill  and  the  Hc^back. 

Tbe  President  connects  the  bed  in  question  with  the  Brighton 
EHsed-beach ;  and  if  that  connexion  be  well  founded,  we  have  this 
preponderance  of  the  westerly  upcast  shown  to  the  extent  of  nearly 
300  feet  in  40  miles,  the  Brighton  beach  being  but  little  above  the 
na-leveL 

Seaeles  V.  Wood,  jun. 


CIRQUES  AND  TALUSES. 


Snt, — ^The  paper  on  Cirques  and  Taluses  in  your  last  number  (p.  10), 
wherein  my  friend  Mr.  Fisher  notices  my  theory  of  the  formation  of 
Cirques,  seems  to  call  for  a  few  remarks  on  my  part.  I  feel  much 
iodebted  to  him  for  the  kind  manner  in  which  he  has  expressed  his 
divergence  of  opinion  from  myself,  and  regret  that,  notwithstanding 
his  able  plea  for  glaciers,  I  must  hold  to  my  words. 

He  concludes  that  **  a  cirque,  though  not  excavated  by  a  glacier, 
is  strictly  a  glacial  phenomenon,"  while  I  have  stated  that,  "the 
completeness  of  the  cirque  as  a  whole  forbids  us — unless  we  assign  it 
entirely  to  glacial  action — to  suppose  that  it  was  more  than  slightly 
altered  by  this.**  To  some  extent  the  diflference  between  us  is  more 
a  question  of  words  than  anything  else.  I  hold  that  atmospheric  and 
stieam  action  made  the  cirques ;  Mr.  Fisher  thinks  that,  by  whatever 
agent  they  were  made  (probably  as  I  have  suggested) ,  a  glacier  cleaned 
out  the  rubbish  which  must  have  accumulated  in  them  prior  to  the 
Glacial  epoch,  and  that,  instead  of  saying  "in  not  a  few  corries  and 
cirques  the  transporting  power  (of  stream)  can  hardly  keep  pace  with 
the  excavatory,**  I  should  have  said  can  not  keep  pace.  With  regard  to 
the  former  point,  the  glacier  would  most  probably  clear  out  the  cirques, 
hut  I  do  not  know  that  there  is  any  evidence  to  show  that  they  were 
formerly  more  choked  up  than  they  now  are.  As  to  the  latter,  I  used 
the  "  word  of  doubtful  signification  "  deliberately ;  because,  although 
I  think  that  not  seldom  the  debris  is  on  the  whole  accumulating,  the 
increase  is  so  slight  as  to  be  almost  imperceptible;  so  that  any 
unusually  heavy  storm  may  in  an  hour  wash  away  the  accumulation 
of  a  century.  Debris  strewn  over  icowom  slopes  below  the  cliffs 
and  screes  masking  the  junction  between  these  two  (as  in  the  case 
referred  to)  do  not  necessarily  prove  that  the  cirque  is  filling  up ; 
they  only  mark  a  stage  in  the  quarry  work  of  nature.  The  sawing 
of  streamlets,  aided  by  frost,  etc.,  brings  down  tlie  stone  from  the 
fieu^e  of  the  cliff  in  fragments  of  various  sizes ;  these,  often  broken 
smaller  by  their  fall,  lie  on  the  slopes  below,  subjected  to  the  same 
action  of  rain,  heat,  frost,  until  they  are  reduced  to  yet  smollex  ft^ig- 
ments  or  even  to  £ne  dust,  or  are  swept  away  by  some  awetting  oi 
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the  monntain  bums.    It  must  not  be  supposed  tbat,  when  the  stone 
is  resting  on  the  slope  beneath  a  clifif,  the  work  of  destruction  is  over. 
I  suspect  that  in  many  cases,  could  we  watch  it,  we  should  find  it 
proceeded  with  increased  rapidity.     A  cube  of  stone  in  a  cliff  will  at 
most  only  offer  three  or  four  faces  to  the  corroding  action  of  air  and 
water,  to  the  destructive  influences  of  heat  and  cold ;  the  same,  when 
detached,  will  offer  five  or  even  six.     As  every  mason  knows,  there 
are  not  a  few  building  stones  that  must  not  be  used  for  comers.    1 
do  not  of  course  question  Mr.  Fisher*s  remark,  ''  If  the  talus  grows, 
the  inevitable  result  must  be  that  the  vertical  face  will  become  in 
time  a  slope ; "  but  I  am  not  sure  that  the  talus  doet  grow ;  at  any 
rate,  I  do  not  think  that  we  can  readily  lay  down  a  general  role ; 
each  case  will  have  to  be  judged  separately ;  the  growth  will  depend 
upon  the  nature  of  the  rock,  the  magnitude  of  the  streams,  the  climate 
of  the  locality,  and  many  other  causes  which  will  greatly  complicate 
the  question.    Taluses  may  increase  in  one  age,  diminish  in  another ; 
or  at  the  same  time  be  growing  in  one  country,  while  dwindling  in 
anotlior.     With  regard  to  that  particular  cirque  in  Skye  of  which 
I  spoke,  I  believe  that  a  few  able-bodied  men  could  clear  out  in  a 
short  day*s  work  all  the   debris  that  has  accumulated  since  the 
Glacial  epoch.     It  must  not  be  forgotten,  in  the  case  of  many  rocks, 
the  destruction  of  the  talus  will  not  be  confined  to  the  surface ;  the 
streams  often  more  or  less  sink  into  it,  and  wherever  the  water 
makes  its  way,  there  disintegration  will  proceed.    I  believe  therefore, 
as  I  have  said,  that  a  talus  docs  not  necessarily  mark  more  than  a 
stage  in  Nature's  quarrying  operation,  and  that  she  may  be,  and 
sometimes  is,  quite  competent  to  remove  all  her  *  spoil '  without  the 
intervention  of  a  glacier.     With  regard  to  the  mode  of  formation  of 
cirques,  I  can  only  say  that  I  have  never  seen  one  where  there  have 
not  been  many  small  convergent  streams,  and  that  I  believe  the  two 
will  be  found  as  iiiseparable  as  cause  and  effect  usually  are.    A  qua- 
qnaversal  dip  would,  no  doubt,  be  favourable  to  the  production  of  a 
cirque,  but  I  have  no  reason  to  suspect  its  existence  in  most  of  those 
oases  which  I  described  in  my  communication  to  the   Oeological 
Society.  T.  Q.  Bonnet. 

ON  THE  LIMESTONE  AT  CANNINGTON  PARK.i  NEAR  BRIDGWATER. 

Sib, — As  some  doubts  have  been  entertained  as  to  the  date  of  the 
Limestone  occurring  at  Cannington  Park,  it  may  be  worth  mention- 
ing that  I  have  lately  had  an  opportunity  of  examining  the  corals 
that  have  been  collected  from  that  locality  by  the  Earl  of  Cavan,  by 
Mr.  J.  D.  Pring,  of  22,  Hampton  Park,  near  Bristol,  and  by  the  late 
Mr.  William  Baker,  F.G.S.,  of  Bridgwater ;  the  specimens  collected 
by  the  latter  being  now  in  the  Taunton  Museum. 

Thgr  consist  of  the  following  Carboniferous  genera  and  species  : — 

1.  lAthosirotion  Martini,  4.   ClisiophyUum  turhifiatum. 

2.  Liihostroiion  irregtdare,  6.   ClisiophyUum,  sp.  Y 

8.  Lithostrotion  aranea.  6.  Syringopora  ramulosa, 

«iee  Proceedingi  of  Somereetshiro  Archaeological  and  Nat.  History  Society.    YoL 
W^  p.  129;  18S2,  p.  125 ;  1854,  p.  105. 
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IiVftoflroiton  aranea  I  believe  to  be  of  very  rare  occurrence  at  Can- 
nington  Park.  But  one  specimen  as  far  aa  I  am  aware  has  been 
obtuned  from  the  locality,  and  that  by  Mr.  Pring.  This  specimen, 
with  the  others  collected  by  him,  are  now  in  the  Museum  of  Practical 
Geology  in  Jermyn  Street  I  should  expect  CyathophyUum  Murchisoni 
to  oocnr  in  this  Limestone,  though  I  have  not  as  yet  seen  an  example 
of  this  species  among  the  Cannington  fossils.  There  are  some  corals 
in  Mr.  Pring's  collection  from  the  same  locality  which  would  at  first 
o^t  appear  to  be  of  Devonian  type,  but  on  account  of  their  obscu- 
rity and  bad  preservation  it  is  difficult  to  determine  their  nature.  I 
bave  not  observed  them  in  the  Mountain  Limestone  of  any  other  dis- 
trict The  corals  in  the  Cannington  Limestone  do  not  appear  to  have 
attuned  a  large  size. 

The  Limestone  in  parts  is  Oolitic  in  structure,  and  is  identical  in 
duuncter  with  that  developed  in  the  neighbourhood  of  Bristol.  It 
undoubtedly  belongs  to  the  Upper  Carboniferous  Limestone,  and  is 
prolMtbly  of  the  same  date  as  those  portions  of  the  massive  limestone 
oocairing  in  the  Mendips,  and  in  the  neighbourhood  of  Bristol,  of 
wbich  Lithostrotion  Martini  is  a  characteristic  coral. 

Small  opaque  quartz  crystals,  with  double  terminations,  presenting 
m  Oolitic  structure,  occur  in  portions  of  the  Cannington  Limestone, 
of  which  there  is  a  specimen  in  the  Taunton  Museum,  with  the 
oygtals  weathered  on  the  surface,  collected  by  Mr.  Baker. 

It  is  important  to  observe  that  there  are  some  specimens  in  the 
Taunton  Museum,  from  the  collection  of  Mr.  Baker,  which  I  hardly 
believe  are  from  Cannington  Park,  though  labelled  as  such,  and 
though  some  are  specimens  from  the  Mountain  Limestone.  One  con- 
sists of  a  large  polished  slab  of  a  Devonian  astrseiform  coral  of  im- 
usual  size  ( CyathophyUum  Boloniense),  and  is  pala^ontologically  and 
lithologically  distinct  from  the  Cannington  Limestone.  The  Lime- 
stone composing  this  specimen  is  of  a  white  pearly  colour,  with  a 
bluish-grey  tinge,  translucent,  highly-crystalline,  and  impregnated 
with  sulphuret  of  iron  (iron  pyrites).  I  believe  Mr.  Baker  obtained 
it  of  Hurford,  a  stone-mason  at  Bridgwater,  on  whose  authority  he 
labelled  it  **  Cannington  Park."  Judging  from  the  quality  and  size 
of  the  specimen,  I  should  think  it  must  be  from  Devonshire. 

^/^y isl""™""  S.  G.  Pebceval. 

THE    GREENLAND    METEORIC    STONES. 

Sre, — On  the  30th  of  June,  1862,  I  sent  a  letter  to  the  Hampshire 
Chronicle,  entitled  "  Twenty  Steps  in  the  International  Exhibition." 
It  ended  thus,  in  reference  to  a  **  so-called  meteorite  "  which  was 
exhibited.  "  All  evidence  that  a  meteorite  ever  fell  on  earth  is  un- 
worthy of  belief.  The  argument  for  it  is  this.  Nickel,  iron,  etc.,  are 
not  found  similarly  mingled  in  any  other  substance  on  earth.  If 
they  were  they  would  not  be  an  other  substance,  but  the  same  sub- 
stance. But  does  it  follow  from  this  that  the  substance  comes  from 
heaven?  How  many  other  substances  must  come  from  heaven  by 
this  reasoning?  "    In  the  Geological  Magazine  for  October,  1?>?>^> 


D^l  Obituary — Samuel  Hughes. 

imp*  llM.  ftro  th««e  words :  "Colonel  G.  Greenwood  has  favoured  ns 
with  II  li«tt4iron  the  improbability  of  the  existence  of  real  meteoric 
iilon««H/*  J»  your  this  month**  number,  page  571,  Professor  Ramsay 
liikoH  my  MiW  He  thinks  that  the  Greenland  (meteoric!)  stones 
iimv  Ih)  of  Uirrestrial  origin  ;  **  that,  supposing  the  earth  to  have  in 
imrl  an  olomentary  metallic  core,  eruptive  igneous  matter  might  oc- 
onuiotiiilly  bring  native  iron  to  the  surface." 
linooKWfHiD  Pa*k,  ALmMFOED.  Geobgk  Gbeexwood,  Colonel. 


MINERALOGY  OF  CORNWALL  AND  DEVON. 

H,,i^ — In  the  very  favourable  review  of  my  <*  Handbook  to  the 
MiiHT/ilogy  of  Cornwall  and  Devon.'*  which  appears  in  the  Dec. 
II titii I H:r  of  the  Geological  Magazine,  your  reviewer  remarks  that 
••Ht^'tiiui  Gwynn  is  given  as  a  locality  for  Wavellite,  while  under 
TiiviHUKjkite  it  is  correctly  stated  tliat  this  is  the  mineral,  a$  fir$t 
Hoiired  by  Dana,  that  really  occurs  there,  and  not  Wavellite,  for 
w)ii<:h  it  was  formerly  mistaken." 

On  thiH  }ioint  I  should  wish  to  make  two  remarks.  First,  that  I 
did  not  give  Stenna  G^-jnn  as  a  locality  for  Wavellite,  but  merely 
mUUmI  that  '•  i7  is  said  to  have  occurred"  there,  which  is  perfectly  true. 

HtiOfmd,  the  authority  for  Tavi&tockite  is  not  Dana,  but  Mr.  Michell, 
of  (Jftlewich,  near  Truro,  who  discovered  what  he  calls  "  Soft  Wavel- 
liti3,"  but  which  apj)ears  to  have  been  what  is  now  called  Tavistockite, 
more  than  fifty  years  ago,  and  mentioned  it  in  a  book  published 
anonymously  at  Truro,  in  1825  or  1828.  J.  H.  Collins. 

Falmouth,  Dee.  26, 1871. 


OBrruAET. — Samtel  Hughes,  Civil  Engineer,  of  Park  Street,  West- 
minster, was  elected  a  Fellow  of  the  Greol.  Soc.  of  London  in  1847, 
and  died  in  October,  1870,  at  the  age  of  55.  Ho  early  evinced  a  taste 
tor  natural  sciences,  and  the  most  successful  results  of  his  more 
important  undertakings  in  connexion  with  the  supplying  of  water 
to  towns  was  due  to  his  knowledge  and  practical  application  of 
Ideology.  He  wrote  the  "Water  Works"  for  Weale's  Series,  and 
tiiroughout  it  he  insists  upon  the  necessit}'  of  possessing  a  familiar 
acquaintance  with  the  stratigraphical  relations  of  our  rock  groups. 
Daring  the  latter  part  of  his  life  ho  rose  to  be  amongst  the  first 
fcdentific  gas  engineers  of  the  day,  which  was  in  great  part  due  to 
those  habits  of  careful  observation  and  rational  deduction  which 
resolt  from  the  study  of  physical  phenomena.  In  this  branch  of 
engineering  also  he  wrote  the  text-book  for  Weale's  Series. 

>  Prof.  Ramuj  thought  the  Greenland  (Meteoric)  Iron  might  be  of  terrestrial 
origin ;  hat  he  dUi  net  (like  CoL  Greenwood)  den j  Uie  existence  of  real  meteoric 
lionet.  If  the  Colonel  will  Tint  the  British  Museum  aDv  day,  he  may  see  a  very 
Itige  leriea  of  iron  and  stone  meteorites,  the  circumstances  attending  the  fall  of  many 
of  which  are  well  authenticated.  As  spectram-analysis  has  reiealA  to  us  that  many 
of  ^  heaTenly  bodies  are  composed  of  like  elements  with  our  own  planet,  it  need  not 
—  '  w  to  find  that  fh«ments  of  such  bodies,  falling  on  oar  eartn,  should  be  com- 
'tho  Mme  msteriaw. — ^Edit.  Giol.  Mao. 


!iy  v"\m:,\  \\.rj>^,'^_^,„'J'  ■ 


THE 

GEOLOGICAL   MAGAZINE 


Vo.  XCm.— KASCH,  1872. 


L— Or  ▲  HXW  8PXCIS8  OV  BOSTBLLABIA  FBOH  THE  GrAY  ChALK, 

Folkestone, 
bj  hxwbt  woodwabd,  f.6.s.,  f.z.s., 

Of  the  British  Museum. 
(PLATE  III.) 

E  18  perbaps  no  better  oollecting-groimd  in  England  for 
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Lower  Gretaoeous  Fossils  than  Folkestone,  nor  any  which  has 
been  more  indastrioosly  explored.  The  last  fossil  from  this  locality 
recorded  in  our  Journal  was  in  1867  (Geol.  Mao.,  Vol.  IV.,  p.  65, 
PL  v.),  when  Profl  Huxley  described  the  remains  of  a  new  reptile 
from  the  Chalk-marl  east  of  Copt  Point,  Folkestone,  under  the 
name  of  AeanthophoUs  horridus.  In  the  same  Journal  will  be  found 
(at  p.  67)  an  interesting  notice  by  Mr.  Robert  Etheridge,  F.R.S., 
PalteontologLBt  to  the  Geological  Survey  of  Great  Britain,  of  the 
stratigraphioal  position  of  the  Cretaceous  series  at  this  locality,  from 
whenoe  Mr.  Griffiths,  the  intelligent  collector,  obtained  these  and  the 
many  other  fossils  with  which  the  cabinets  of  the  Eev.  Thomas 
Wiltshiie,  M.A.,  F.G.S.,  Mr.  J.  Starkie  Gardner,  F.G.S.,  and  those  of 
80  many  other  private  collectors  as  well  as  of  our  public  Museums 
are  stored. 

I  am  indebted  to  Mr.  F.  G.  Hilton  Price  for  the  opportunity  of 
calling  attention  to  a  new  Bostellaria  from  the  Gray  Chalk  of  this 
locality^  which  he  recently  obtained  during  a  geological  excursion 
accompanied  by  Mr.  Griffiths,  whose  services  as  guide  are  most 
Taluable  upon  such  occasions. 

Those  who,  like  myself,  may  have  had  occasion  to  consult  the 
works  in  which  are  recorded  the  scanty  remains  of  MoUusca  from 
the  Chalk-series  in  England  will  best  be  able  to  appreciate  the 
Talae  of  such  an  addition  as  the  fine  fossil  figured  on  Plate  III. 
accompanying  this  notice.  In  Fitton's,  Sowerby's,  Dixon's,  Wood- 
ward's, and  Mantell's  works,  I  can  find  no  form  with  which  to 
compare  this  interesting  specimen ;  nor  yet  do  I  meet  with  it  in  the 
'  Paleontologie  Fran^aise'  of  D*Orbigny,  nor  in  the  *  Palaeontologia 
Indica,*  with  its  fine  series  of  Cretaceous  Gasteropoda  figured  and 
described  by  Dr.  Ferd.  Stoliczka. 

Geinitz,  Reuss,  Schloenbach^  and  many  others  have  equally  iaVV^^i 
to  aid  me  with  InformatioD, 

VOL,  IX.^-JfO,  xciu,  1 
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The  only  form  approaching  the  subject  figured  on  Plate  HI.  in 
size  and  character  is  a  shell  called  by  Mr.  Harry  Seeley  Chemmtzia 
Woodtoardti,  from  the  Chalk  of  Sussex,  and  preserved  in  the 
Brighton  Museum.  Of  this  and  other  specimens  Mr.  Seeley  gives 
some  notes  and  outline-sketches  in  the  "  Geologist,"  vol.  viL,  1864, 
p.  89,  pi.  viiL ;  the  figures,  however,  are  too  roughly  executed  to 
convey  more  than  a  very  general  notion  of  the  specimens,  and  are, 
unfortunately,  unaccompanied  by  references  to  the  plate  in  the  text 

Mr.  Seeley  has,  however,  obligingly  supplied  me  with  the  requisite 
references,  which  I  append  for  the  convenience  of  those  who  may 
care  to  take  the  trouble  to  add  them  to  the  text  of  their  copy  of  the 
"  Geologist" 

Chalk  Gasteropoda  recorded  by  Mr.  H.  G.  Seeley,  F.G.S.,  in  the 
"  Geologist,'*  1864,  vol.  vii.,  pp.  89-93,  pi.  viii.,  part  of  the  col- 
lection of  the  Brighton  Museum. 

1.  Cerithium  omatissimum.  Tar.,  p.  89,  pi.  yiii.,  fi^.  7  &  8« 

2.  OalUcum,  D'Orb.,  var.,  p.  90,  pi,  viu.,  fig.  8. 

3.  Pleurotoma  amphiloga,  n.8p.,  yar.,  p.  90,  pi.  Tiii.,  fig.  2. 

4.  Futui  traehy»t  n.sp.,  yar.,  p.  91,  pi.  yiii.,  fi^.  13. 
6.  Chemnitzia  Woodwardiiy  n.sp.,  p.  91,  pi.  yiii.,  fig  1. 

6.  Solarium  omatissimum,  n.sp.,  p.  91,  pL  yiiL,  figs.  16  &  16. 

7.  Pteroeeras^  representatiye  of  ^toni,  p.  91.,  nl.  yiii.,  fig.  4. 

8.  Pleurotomaria  Juketiiy  n.s^.,  p.  92,  pi.  yiii.,  figs.  10  &  11. 

9.  TrochuSf  sp.  P,  p.  92,  pi.  yiii.,  figs.  6  &  6. 

10.  Trochus  (near  T,  Oeinitzii,  Reuss),  p.  92,  pi.  viiL,  fig.  9. 

11.  Fustu  (?),  p.  92,  pi.  yiii.,  fig.  14. 

12.  FusiM  (P),  p.  93.  pi  yiii.,  fig.  12. 

13.  Solarium  Binghami^  Baily,  p.  93,  pi.  yiii.,  fig.  17. 

Mr.  Seeley's  description  of  Chemnitzia  Woodwardii  is  as  follows :  — 

**  Shell  subcylindrical,  two  and  a  half  times  as  high  as  wide,  consisting  of  abont  7 
whorls,  which  regularly  increase  in  size  and  are  moderately  conyex.  ^ich  whorl  is 
one  and  three  quarter  times  as  wide  as  high.  The  space  where  the  whorls  adjoin  is 
ooncaye,  and  the  suture  is  indistinctly  seen.  There  is  no  ornament,  bat  a  great 
number  of  fine  and  close  spiral  stri».  This  and  some  other  shells  haye  quite  an 
Oolitic  aspect."     (p.  91,  op.  cit.) 

A  comparison  of  Mr.  Price's  specimen  with  the  above  description 
and  with  Mr.  Seeley 's  figure  (op.  cit  pi.  viii.  fig.  1)  will  suffice  to 
preclude  us  from  pl6w;ing  them  together. 

Whilst  the  absence  of  the  mouth  in  Chemnitua  Woodwar^i, 
Seeley,  renders  it  impossible  to  determine  its  genus  with  certainty, 
its  presence  in  Mr.  Hilton  Price's  specimen  clearly  forbids  its  refer- 
ence to  Chemnitzia. 

In  Chemnitzia  the  shell  is  "slender,  elongated,  many-whorled ; 
the  whorls  plaited ;  apex  sinistral :  aperture  simple ;  ovate ;  peri- 
stome incomplete."  *  Upwards  of  180  fossil  species  have  been  pro- 
visionally referred  to  this  genus ;  many  of  them  are  of  gigantic  size 
as  compared  with  the  existing  species.,  all  of  which  are  small. 

To  the  genus  Pteroceras  D'Orbigny  alone  has  referred  nearly  100 
species  of  fossil  shells,  ranging  from  the  Lias  to  the  Chalk;  many  of 
them  are,  however,  more  nearly  related  to  AporrhaU.     Cerithium 

another  genus  which  has  nearly  500  fossU  species,  ranging  from 

^  Woodward's  Manual  of  MoUasca,  p.  126. 
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tbe  TriaB  to  the  Tertiaries ;  but  I  have  been  unable  to  refer  the  shell 
under  oonsidexation  to  any  of  these  genera. 

Oar  dernier  ressort  then  appears  to  be  in  the  genus  BosteUaria, 

These  are  more  than  70  species  of  fossil  shells  referred  to  this 
gsauB,  ranging  from  the  Neooomian  to  the  Tertiaries,  although  some 
of  these  may  belong  more  correctly  to  th€(  genus  Aporrhais, 

The  shell  in  BosteUaria  has  ''  an  elongated  spire  ;  the  whorls  are 
Dumerousy  flat ;  the  canals  long,  the  posterior  one  running  up  the 
^ire;  outer  lip  more  or  less  expanded,  with  only  one  sinus,  and 
tLat  (dose  to  the  beak."  ^ 

The  fossil  on  Plate  III.  agrees  very  fairly  with  the  above  diagnosis. 
The  spire  is  elongated,  the  whorls  are  numerous  (probably  not  fewer 
than  fourteen,  but  about  one  inch  o£  the  apex  oi  the  spire  is 
lost) ;  the  sutures  are  not  depressed,  and  the  whorls  are  flat  (not 
tonud,  as  in  Chemnitzia  Woedwardii).  The  flne  spiral  striae  (with 
which  the  whorls  are  ornamented)  are  confined  to  a  narrow  band 
next  the  suture  upon  the  upper  border  of  each  whorl,  as  is  the 
case  in  the  modem  BosteUaria  curta  and  other  species.  The  last 
whorl  is  twice  the*  breadth  of  the  preceding  whorL  The  outer  lip 
is  expanded,,  nearly  semicircular  in  form,,  and  smooth-edged;  the 
anterior  canal  nearly  one-fourth  the  entire  length  of  the  shell  (a 
small  portion  of  its  extremity  is  wanting) ;  a  slight  ridge  along  the 
border  of  the  penultimate  whorl  may  possibly  indicate  the  posterior 
canal,  which  in  many  species  of  BosteUaria  exhibits  a  well-marked 
ridge  along  one  or  more  of  the  whorls — even  to  the  apex  in  some 
species.  Fine  lines  of  growth  are  the  only  other  ornamental 
markings  upon  the  surface  of  the  shell  in  addition  to  the  spiral  striae 
along  the  sutural  border  of  each  wliorl  already  referred  to.  Tlie 
length  of  the  last  whorl,  including  the  anterior  canal,  probably 
equalled  the  length  of  the  entire  spire  when  the  termination  of  both 
the  spire  and  canal  were  perfect  Length  of  actual  specimen 
preserved  7J  inches.     Probable  length  when  perfect  9  inches. 

Believing,  as  I  do,  that  this  shell  is  really  the  representative  of  a 
new  species  of  Cretaceous  Bostellariay  I  have  ventured  to  name  it 
BosteUaria  Pricei  in  honour  of  its  discoverer,  in  whose  cabinet  the 
original  specimen  is  preserved. 


IL — On  the  Method  op    Formation  of  thx  Permian  Beds  of 

South  Yorkshire. 

By  A.  H.  Grsex,  M.A.,  F.G.S. 

PROP^SSOR  Ramsay  in  a  recent  paper  ^  put  forward  the  notion 
that  the  Magnesian  Limestone  and  its  associated  beds  of  the 
north-east  of  England  were  formed,  in  part  at  least,  by  chemical 
precipitation  in  an  inland  sea.  Given  such  a  sea,  without  outlet, 
and  with  streams  flowing  into  it  holding  in  solution  the  necessary 
salts  (bicarbonate  of  lime  and  sulphate  of  magnesia  would  answer 
the  purpose),  it  is  clear  that  by  continued  evaporation  a  state  of 

*  Woodwards  Manual  of  the  MoUusca^  p.  105. 

'  Qajirt,  Joum,  Geol  Soc,  of  London,  vol,  zxrii.,  p.  245. 
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saturation  would  at  length  be  brought  abont,  and  precipitation  would 
take  place,  and  Dr.  Sterry  Hunt  has  shown  ^t  dolomite  and  gypsum 
would  be  the  probable  products. 

Such  a  state  of  things  would  be  by  no  means  favourable  to  animal 
life ;  few  creatures  could  exist  at  aU  under  saoh  oircumstanoeSy  and 
the  few  that  did  manage  to  live  on  would  show  by  their  dwarfed 
and  stunted  forms  how  trying  were  the  conditions  against  which  they 
had  struggled.  Professor  Bamsay  pointed  out  that  this  was  just  tb^ 
character  of  the  Magnesian  Limestone  fauna,  that  the  species  were 
few  and  the  individuals  puny,  and  he  showed  how  in  this  respect  it 
agreed  exactly  with  the  fauna  of  recent  inland  seas,  sooh  as  the 
Caspian  and  the  sea  of  Aral. 

The  paper  dealt  with  broad,  general  views,  and  did  not  preiiend 
to  enter  into  details.  On  reading  again,  however,  the  paper  of  Mr. 
Eirkby  on  the  Permians  of  South  Yorkshire,^  the  palsaontological 
minutiae^  so  admirably  worked  out  therein,  seemed  to  me  to  confirm 
in  a  remarkable  way  Prof.  Bamsay's  theory ;  and  I  think  it  is  worth 
while  to  call  attention  to  them,  especially  as  I  do  not  know  that  their 
bearing  in  this  direction  has  been  noticed  before.  ' 

The  Permian  beds  of  South  Yorkshire  fall  into  the  following  sub- 
divisions : — 

6.  Upper  Marls  and  Sandstones  with  Gypsum. 

5.  Upper  Limestone  or  Brotherton  beds. 

4.  Middle  Marls  and  Sandstones  with  Gypsum. 

3.  Small  grained  Dolomite. 

2.  Lower  Limestone, 

1.  Quicksands. 

Certain  red  beds  below  the  quicksands,  which  were  supposed  by 
Prof.  Sedgwick  and  other  geologists  to  represent  the  Bothliegendes, 
are  omitted  here,  because  there  is  every  reason  to  believe  that  they 
are  nothing  more  than  Carboniferous  rocks  stained  by  infiltration.* 

No.  1.  Pure  unconsolidated  sand,  mostly  finely  grained,  but  occa- 
sionally containing  small  quartz  pebbles ;  excessively  current-bedded; 
very  irregular  in  its  occurrence.  Nb  sign  of  passage  into  the  over- 
lying limestone. 

Loose  sandy  beds  are  found  in  places  beneath  the  Lower  Lime- 
stone, which  are  nothing  more  than  the  sandy  residue  of  the  limestone 
itself,  the  calcareous  matter  having  been  carried  away  by  percolating 
water.  Such  beds,  however,  are  totally  distinct  from  the  quicksands, 
and  can  be  easily  distinguished  from  them. 

No.  2.  Dolomitic  limestone  containing  a  large  quantity  of  sand. 
Mr.  Kirkby  describes  31  species  of  fossils  from  this  division.  The 
moUusca  are  for  the  most  part  stunted,  but  some,  notably  Axinus 
dubius,  are  robust  and  abundant  in  individuals. 

No.  3.  Dolomite  far  purer  and  freer  from  mechanical  admixture 
than  the  bed  below :  often  crystalline  or  sub-crystalline.  No  foasils 
except  a  few  traces  in  the  lowest  beds. 

No.  5.  Flaggy  limestone,  sparingly  or  not  at  all  dolomitic,  with 
bin  way-boards  and  beds  of  red,  purple,  and  green  marls.      Of  the 

^  Quart  Joum.  Geol.  Soc,  of  London,  toI.  xtv\.,  p.  1%1 . 

he  a  paper  by  Mr.  J,  C.  Ward,  Quart.  Jonm.  Gco\.aoc.>l^^^,'^oVTti??,,v**ri\» 
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SI  species  fixond  in  No.  2,  which  disappeared  in  Nq*  3j  two  reappear 
fere,  both  excessively  dwarfed.  Witli  the  exception  of  .some  doubt- 
M  traces  of  plants,  these  are  the  only  fossils  known  in  this  division. 

Such  are  the  facts,  the  meaning  of  them  I  take  to  be  -as  follows : — 

When  the  body  of  water  in  which  these  beds  were  deposited  was 
drat  off  from  the  main  ocean,  some  time  would  elapse  before  a  ^tate 
of  ntoration  high  enough  to  cause  precipitation  was  reacfajBd^and 
daring  that  time  mechanical  deposits  alone  would  be  formed.  Ih^jse 
an  the  Quicksands.  One  great  characteristic  of  these  beds  is  ihsit 
irregularity,  they  occur  in  patches  of  various  sizes,  but  are  often 
iboent  alt<^ther,  and  they  thin  out  and  disappear  very  rapidly, 
Tbeir  excessive  cross-bedding  shows  too  that  they  were  formed  by 
die  action  of  currents.  The  most  likely  explanation  of  these  facts 
aeenn  to  be  that  the  Quicksands  are  the  deltas  of  the  streams  which 
emptied  themselves  into  the  inland  sea. 

After  a  time  the  water  became  sufficiently  saturated  to  cause 
dolomite  to  be  thrown  down  to  a  moderate  extent,  and  the  chemical 
piQoipitate  mixed  with  the  sand  brought  down  by  the  rivers  gave 
rise  to  the  sandy  dolomite  No.  2.  The  conditions,  though  not 
favourable,  were  not  such  as  altogether  to  prevent  the  existence  of 
animal  life  :  henoe  fossils  are  found,  but  they  are  mostly  dwarfed. 

As  the  state  of  saturation  increased  precipitation  went  on  more 
plentifully,  so  that  the  chemical  gained  the  mastery  over  the 
mechanical  element,  and  the  purer  dolomite  No.  3  was  produced. 
The  animals  could  no  longer  hold  their  own,  and  were  either  killed 
off,  or  struggled  on  in  nooks  and  comers,  perhaps  a  little  way  up  the 
rivers,  where  the  state  of  the  water  was  less  trying  to  them. 

Mechanical  deposits  predominated  again  during  the  deposition  of 
No.  4^  but  the  gypsum  shows  that  chemical  action  was  still  at  work. 

During  the  formation  of  No.  5  the  magnesian  salts  had  so  far  dis- 
appeared, that  the  water  became  just  habitable;  and  those  hardy 
species,  which  had  managed  to  live  on,  came  back,  showing,  however, 
by  their  puny  size  how  hard  had  been  the  struggle  they  had  gone 
through.  As  far  as  we  know,  only  two  species  survived,  and  it  is 
worthy  of  note  that  one  of  these  two  is  the  lusty  Axinua  dubius,  re-, 
maikable  among  the  original  fauna  for  its  vigour  and  abundance. 

One  point  still  wants  clearing  up.  Where  did  the  supply  of  salts 
oome  from  ?  The  Permian  epoch  was  one  of  great  volcanic  activity, 
and  it  was  probably  from  mineral  springs  produced  by  volcanic 
action  that  the  ingredients  of  the  chemical  parts  of  the  deposits  we 
have  been  considering  were  derived.  Thus,  though  we  do  not  find, 
as  in  Scotland  and  Q^rmany,  such  convincing  proofs  of  contempora- 
neous volcanic  action  as  lavas  and  ash-beds,  there  is  reason  to  believe 
that  the  Permian  beds  of  South  Yorkshire  are  indirectly  of  volcanic 
origin.  To  the  same  source  we  must  look  for  the  abundant  supply 
of  peroxide  of  iron  which  gives  the  colour  to  the  red  beds  of  the  form- 
ation, and  it  is  worthy  of  note  that  another  formation,  still  more 
conspicuously  red  and  also  probably  of  lacustrine  origin,  the  Old 
Bed  Sandstone,  was  formed  during  a  time  when  volcajio^  "^^x^  ^ 
work  ID  Britain, 
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Bt  R.  StJ^fTSTK  N:cHouo2r.  1I.D^  D.Sc..  MJl.,  Flx.D.,  F.&.S.E., 

Pr>3fe^jV<x'  X*n:nl  Hijt«:rT  i&d  Bocany  in  UniTersitr  GoUege,  Toronto. 

THE.genus  EnJtvw'i*  was  proposed  by  Hall  (PaL  N-  York,  voL  i., 
D.  M)  for  a  group  of  Orf  A<>i.*«roia :  ha^-ing  '-a  large  siplmxicle, 
zniie^v.hteml  or  excentric.  marked  or  riiiged  on  the  outer  surfiaoe  by 
tbe-i^'|):a.  which,  from  theur  obliqne  direction,  give  it  the  appearance 
Ol'a  tube  with  spinU  lined.      Within  this  siphnnde  are  one  or  more 
'•  -T«iy  el'.^ngated  conical  tubes,  often  one  withm  the  other  to  the  nnm- 
;■•.  '.Wrof  four  or  five."      The  leading  point,  then,  in  the  definition  of 
'-.    Endi.'C'Lraf  is  the  possession  of  a  multiple  siphnncle,  oomposed  of  two 
or  more  c> >ncentric  tubes  pLiced  one  within  the  other,  each   tabe 
having  the  form  of  an  elongated  cone.      As  to  the  existenoe  of  this 
peculi:ir  structure,  no  doubt  can  be  entertained;  but  very  remarkable 
views  have  l^een  put  forward  by  Hall  as  to  the  true  nature  of  these 
internal  tubes.     The  tul»es  which  are  contained  within  the  siphnncle 
are  perfecdv  smooth  and  very  thin,  and  they  are  believed,  by  the 
above-mentioned  eminent  palaeontologist,  to  be  receptacles  within 
which  the  young  shells  were  retained  for  a  certain  length  of  time 
UiH)n  this  belief,  they  are  termeii  by  Hall  "embryo-sheaths";  and 
it  is  assened  that  they  are  found  to  contain  yoimg  Endoeerata  in 
various  stages  of  develi^pment.  sometimes  exhibiting  septa  and  a 
siphuucle,  and  sometimes  in  the  form  of  simple  tubes,  without  either 
of  the<o  structures.    As  to  the  further  development  of  these  supposed 
voung  shells.  Hall  seems  to  have  inclined  to  the  view  that  the  young 
'Eiidoc€raH  enlarged  within  the  parent  shell  until  the  latter  perished ; 
but  he  seems  to  have  also  thought  it  possible  that  the  young  shells 
were  ex^xelled  from  the  siphimcle  of  the  parent-shell  whilst  still  im- 
n)atui'e.     It  seems  difficult  to  g^ve  any  adequate  explanation  of  the 
phenomena  dcscril)ed  by  HaU,  and  it  is  at  the  same  time  very  difficult 
to  accept  the  views  al>ove  stated.     We  know,  however,  so  little  of 
the  functions  of  the  siphuncle,  especially  in  the  extinct  group  of  the 
OrthoctratiiUrj  that  it  is  impossible  to   declare  dogmatically  that 
Hall's  explanation  of  tlie  phenomena  may  not  be  correct.     Other 
observers,  however,  regard  the  supposed  young  OrthoceraUz,  within 
the  so-called  *'  embrj-o-sheath,"  as  having  fallen  accidentally  into  the 
ca^-ity  of  the  siphunclo,  after  the  death  of  the  animal ;  whilst  the 
embrj'o-sheath  is  looked  upon  as  the  cast  of  the  internal  cavity  of 
the  sfphuucla     Others,  again,  regard  the  embryo-sheaths  as  being  of 
the  nature  of  funnel-shaped  diaphragms  placed  one  within  the  other 
within  the  cavity  of  the  siphuncle.     This  latter  view,  however,  can 
hardly  be  correct,  since  the  embryo-tube  is  described  as  not  being 
connected  with  the  walls  of  the  siphuncle,  whilst  it  commonly  occurs 
detached  from  the  shell  to  which  it  belongs.     The  former  view,  also, 
must  be  rejected,  since  it  could  at  best  but  apply  to  cases  in  which 
only  one  "  eml>ryo-tube  "  was  present 

Several  species  of  Endoceras  have  been  described  by  Hall  fh)m  the 

Black  liiver  and  Trenton  Limestones,  and  some  of  them  attained 

gigantic  diwcDsions.    No  species  oi  tins  gen\]A,  wi  l«  Wk\  «a&.  ^vcare, 
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bu  ever  been  noted  aa  ooonrnug  in  Britain ;  and  my  object  in  the 
pRMnt  Gommnnication  ia  te  describe  a  British  specimen  of  Endoeera$ 
fnteifoT^M,  Hall,  of  which  an  accurate  drawing  ia  given  below,  to- 
ffUher  with  a  magnified  portion  of  the  surfaoe 

Ilia  specdmen  m  question  waa  discovered  by  me  in  the  Gnptohtio 
Hndatones  of  the  Coniaton  Senee  of  the  North  of  England,  and  it  is 
(Be  of  the  few  fossils  beyond  Giaptolites,  which  have  hitherto  been 
deleoted  in  this  formation.  It  consists  of  a  much  compressed  and 
litteoed  tabe>  aboat  two  mches  and  a  half  in  length,  and  seven- 
tanthi  of  an  inch  in  breadth.    That  the  walls  of  this  tube  were 


extremely  thin  is  shown  by  the  fact  that  the  surface  of  the  fossil  is 
thrown  into  longitudmal  folds  or  corrugations  which  are  obviously 
due  to  compression  No  traces  of  a  stphuaole  or  of  septa  can  be 
made  ont.  The  entire  surface  of  the  shell  however  is  cohered  by  a 
cancellated  network  of  vocy  delicate  transverse  and  longitudmal 
striaa,  giving  it  an  exceedingly  well-marked  appearance,  and  arranged 
in  a  very  characteristic  manner.  The  transverse  strife  are  about  one 
hundred  and  twenty-five  to  one  hundred  and  fifty  in  the  space  of  an 
iiudi,  and  are  decidedly  more  conspicuous  than  the  longitudinal  strim. 
Not  only  is  this  the  case,  but  they  are  arranged  in  fascia,  or  bands, 
of  three  or  four  approximated  striie,  separated  by  somewhat  wider 
interspaces.  Where  the  substance  of  the  shell  is  preserved,  the 
transverse  stricc,  as  above  said,  are  much  better  marked  than  the 
bngitudioal  stria;,  and  the  latter  can  only  bo  detected  by  the  use  of 
a  lens.      In  places,  however,  where  the  fossil  has  been  locoi^u^^.^. 
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the  longitudinal  Btriee  are  neaily  or  quite  as  well  marked  aa  tlie 
transYerse  ones.  The  longitudinal  Btri»  are  about  ei^ty  in  the 
Bpaoe  of  an  inch,  and  are,  Sierefore,  not  so  oLosely  approximated  as 
are  the  transyerse  striad.  The  result  of  this  ia,  that  the  spaces  in- 
dudod  between  the  two  sets  of  strisd  are  oblong  in  the  parts  occupied 
by  the  crowded  fascisd  of  transverse  striae,  whilst  they  become  nearly 
square  in  the  interspaces  between  these  fasciae.  Independently  of  the 
transverse  strise,  the  Bur£EU)e  of  the  shell  is  marked  by  numerooa 
slightly  elevated  transverse  ridges  or  annulations,  which  are  placed 
at  no  constant  distance  from  one  another,  and  which  do  not,  there- 
fore, mark  the  position  of  septa  in  the  shell. 

In  the  absence  of  any  traces  of  septa  or  of  a  siphuncle,  it  may  seem 
somewhat  hazardous  to  refer  our  fossil  to  Endocertu ;  but  the  nature 
of  the  surface-marking  is  so  characteristic,  that  I  feel  no  hesitation 
in  determining  it  to  be  a  young  specimen  of  Endoceras  proteifarmef 
Hall.  The  following  is  the  description  given  by  Hall  of  this  spedes 
(Pal.  N.Y.,  vol.  i.,  p.  208)  :— 

*^  General  form  cylindrico-conioal,  more  or  less  elongated,  often 
compressed,  tapering  somewhat  unequally  in  different  specimens; 
young  specimens  terminating  in  an  extremely  acute  point ;  surface 
marked  with  distinct  transverse  striae,  which  usually  appear  like 
narrow  sub-imbricating  bands,  with  one  edge  well  defined  and  more 
elevated  than  the  other,  more  or  less  distinctly  striated  longitudi- 
nally; striae  varying  from  extreme  tenuity  to  distinct  elevated  thread- 
like lines;  section  circular;  septa  distant  from  one-fifth  to  one- 
fourth  thp  diameter;  siphuncle  excentric  or  submarg^inaL"  The 
siphuncle  in  old  specimens  usually  contains  **  a  smooth  cylindrico- 
conical  embryo-tube  or  sheath,"  within  which  are  young  shells, 
which  may  or  may  not  possess  septa  and  a  siphuncle,  but  which  are 
distinguished  by  ^eir  surface-marking  from  the  perfectly  smooth  en- 
veloping tube. 

Hall  distinguishes  three  chief  varieties  of  this  species. 

1.  E.  proteiformey  var.  tenuisirtatumf  having  the  transverse  striao 
much  more  conspicuous  than  the  longitudinal  striae,  and  often  arranged 
in  fasciae. 

2.  E.  proteiforme,  var.  tenmtextumf  very  similar  to  the  preceding, 
but  having  the  striae  of  both  sets  more  nearly  alike  and  equal,  being 
also  '*  more  distinctly  elevated  and  thread-like." 

8.  E.  proteiforme,  var.  Uneolatum,  having  numerous  delicate  trans- 
verse striae,  arranged  in  fasciae,  but  having  no  longitudinal  striae  in 
the  majority  of  instances. 

The  first  two  of  these  varieties  hardly  appear  to  be  distinct,  but 
upon  the  whole  our  specimen  agrees  most  closely  with  the  second  of 
these.  I  regard  it,  therefore,  as  being  a  young  form  of  EndoceraB 
proteiforme,  var.  tenmtextum,  Hall.  Its  locality  is  Skelgill  Beck,  near 
Ambleside,  in  the  black  Graptolitic  Mudstones  of  the  Goniston  Series, 
ininiediately  above  the  Goniston  Limestone ;  and  it  is,  therefore,  of 
later  age  than  the  American  examples  of  the  species. 
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lY. — Ok  Chakoxs  of  Climate  dubing  the  Glacial  Epoch. 

By  James  Oeikib,  F.R.S.E. 
Distriet  Sunreyor  of  the  Geological  Snrvey  of  Scotland. 

Towrtli  Paper, 
{CknUinuedfrom  the  February  NumJber^p,  69.) 

IN  my  IftBt  oommiinication  to  the  Magazine  I  made  an  attempt  to 
correlate  the  Scottish  Qlacial  deposits  with  the  equivalent  acca- 
■mlations  in  Switzerland,  Northern  Europe,  and  North  America,  my 
purpose  being  to  show  that  the  same  order  of  succession  holds  good 
in  idl  those  regions  where  the  "  Drifts "  have  been  examined,  and 
that  in  each  case  there  is  no  proof  whatever  of  any  warm  period 
baring  intervened  since  the  deposition  of  the  clays  with  Arctic  shells 
ind  the  decrease  and  disappearance  of  local  glaciers.  In  the  present 
and  a  subsequent  paper  I  propose  to  treat  of  the  superficial  deposits 
of  Iieland  and  England,  more  especially  those  of  the  latter  country. 
It  is  with  some  diffidence  that  I  approach  this  discussion,  because  I 
feel  that  in  venturing  to  dissent,  as  I  must  do,  from  opinions  some- 
vhat  generally  received,  I  lay  myself  open  to  a  charge  of  presump- 
ikm.  Yet  it  is  just  possible  that  one  working  in  a  country  where 
the  drift-deposits  are  neither  very  complex  nor  confused,  and  where 
tiie  succession  of  events  can  be  made  out  with  tolerable  certainty, 
may  be  able  to  let  in  some  light  upon  the  obscurity  which  it  cannot 
be  denied  still  clouds  the  history  of  the  later  geological  changes  in 
England.     At  all  events  it  can  do  no  harm  to  make  the  attempt 

So  long  as  the  geologist  confines  his  attention  to  the  mountainous 
districts  of  England,  the  sequence  of  the  glacial  deposits  appears  to 
be  sufficiently  dear.  The  lowest  member  of  the  series  consists  of 
a  stony  clay,  above  which,  in  some  districts,  come  sheets  and 
mounds  of  sand  and  gravel  and  erratics,  while  in  certain  valleys 
there  occur  heaps  of  loose  moraine  matter.  Prof.  Bamsay  long  ago 
interpreted  the  order  of  events  for  Wales  thus:  a  period  of  vast 
glaciers,  followed  by  one  of  groat  submergence,  and  this  again 
SQoceeded  in  time  by  re-elevation  and  a  second  period  of  glaciers. 
But  when  the  geologist  continues  his  researches  into  the  low  grounds 
that  sweep  outwards  from  the  base  of  the  mountains  a  number  of 
perplexing  details  come  in  to  worry  him.  He  finds  not  one  stony 
day  only  but  several  with  intervening  stratified  deposits ;  and  in  his 
endeavours  to  correlate  these,  bed  for  bed,  with  other  glacial  accu- 
mulations, many  difficulties  arise.  The  day  is  yet  distant  when  we 
can  hope  to  see  this  hard  task  of  correlation  accomplished ;  and  I 
certainly  do  not  feel  myself  qualified  to  decide  on  a  minute  or  detailed 
classification  of  the  English  drifts.  All  I  mean  to  attempt  is  to 
point  out  in  a  general  way  what  appear  to  me  to  be  the  equivalents 
of  those  divisions  under  which  I  have  grouped  the  Scottish  deposits. 
If  the  reader  will  take  the  trouble  to  refer  to  my  last  paper  in  the 
Magazine,  he  will  observe  that,  in  the  several  tables  of  Scottish  and 
foreign  glacial  deposits,  a  series  of  marine  beds  (3)  occurs  after  the 
Scottish  (1)  "Till,  boulder-earth  and  clay,"  and  (2)  "moiainft 
rubbishy"  And  likewise  after  the  Scandinavian  (1)  **  stony  c^^>^Va*« 
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and  the  American  (1)  ''unmodified  drift/'  and  (2)  *^  moraineB.''  These 
marine  heds  (t.e.,  kames,  eskers,  and  5sar)  invariably  occupy  this 
position,  and  as  they  do  so  over  such  a  vast  extent  of  land  in  the 
northern  hemisphere,  they  come  to  form  a  kind  of  datum  line.  If 
similar  deposits  occur  in  England,  and  if  it  can  be  shown  that  those  are 
clearly  of  more  recent  date  than  certain  other  glacial  accumulations, 
then  these  last  must  necessarily  be  to  some  extent  the  equivalents 
of  the  Scottish  Till  and  associated  beds.  It  is  in  the  highest  degree 
unlikely  that  the  Glacial  epoch  in  England  differed  materially  from 
the  same  epoch  elsewhere;  yet  the  conditions  under  which  the 
glacial  and  interglacial  accumulations  were  laid  down  may  have  de- 
parted considerably  from  those  that  obtained  in  higher  latitudes  and 
in  mountainous  regions.  We  should  naturally  expect  that  the  dis- 
tricts least  exposed  to  the  intensity  of  glacial  action  will  contain 
more  varied  and  more  abundant  series  of  deposits  than  those  areas 
which  have  been  subjected  to  a  greater  degree  of  glaciation.  If, 
even  in  Scotland  and  North  America,  interglacial  beds  occur  in  the 
Till  and  ''unmodified  drift,"  surely  in  the  low-lying  districts  of 
England  these  should  be  much  better  developed.  And  such,  indeed, 
is  the  case.  Both  in  the  east  and  north-west  maritime  regions  of 
England  there  occur  beds  of  sand,  gravel,  etc.,  included  between 
glacial  deposits,  just  as  in  Scotland  sand,  clay,  and  gravel  are  over- 
lain and  underlain  by  till.  The  English  stony  clays  are  partly 
ground  moraines  and  partly  also  deposits  from  floating  ice ;  while 
others  would  appear  to  have  been  thrown  down  at  or  near  where 
glaciers  terminated  in  the  sea,  and  hence  resemble  in  origin  the 
boulder-earth  or  day  of  certain  maritime  districts  of  Scotland. 

Some  years  ago  Professor  Hull  showed  that  in  Lancashire  there  are 
two  Boulder-clays,  separated  by  an  intervening  series  of  sand-beds. 
My  colleague,  Mr.  De  Banco,  has  since  pointed  out  that  under- 
neath the  lower  of  these  Boulder-days  there  occurs  a  deposit  of  Till 
answering  in  all  respects  to  the  Scottish  Till,  and  being  in  Mr. 
De  Bance's  opinion  a  product  of  land-ice.^  The  overlying  Boulder- 
days  he  thinks  are  clearly  of  marine  origin,  that  is  to  say,  they  have 
been  deposited  upon  a  sea-bottom.  He  writes  to  me  also  that  the 
"  Upper  Boulder-clay  "  is  covered  by  esker-drift.  This  being  so, 
it  would  follow  that  the  Lancashire  Till  and  Lower  and  Upper 
Boulder-clays,  with  their  intervening  deposits  of  sand,  are  the 
equivalents  of  the  Scottish  Till  and  interglacial  beds.  There  is 
nothing  absurd  in  supposing  that  while  some  portion  of  the  Till  was 
being  formed  in  Scotland,  marine  Boulder-clay  was  accumulating 
here  and  there  in  England.  Yet  the  descriptions  given  of  the  Upper 
and  Lower  Boulder-clays  of  the  north  of  England  tally  better  with 
the  character  of  the  Scottish  Boulder-earth  and  clay  than  with  that 
of  the  Till ;  and  the  Lancashire  beds  may  therefore  represent  those 

^  Mr.  Hull  was  the  first  (1863)  to  point  ont  clearly  the  threefold  division  of  the 
drift  of  Lancashire  into  Upper  and  Lower  Boulder- clay  with  the  interrening  Middle 
Sands  (see  his  Memoir,  Mem.  Lit.  and  Phil.  Soc.  of  Manch.  1865,  p.  ^^dji.  Mr. 
Binney  bad,  however,  previously  mentioned  the  existence  of  sand-beds  in  the  Boolder- 
elaf,  bat  these  heda  he  believed  to  be  of  inconstant  oocoiience. 
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hter  stages  of  the  Glacial  epoch  which  preceded  the  era  of  great 
nfamergence  and  the  accmnalation  of  the  kames  and  esker-drifL 
But  the  stony  clay  or  till  which  is  described  by  Mr.  De  Banoe  as 
nndeiiyuig  the  Lower  Boulder-clay,  represents  in  all  probability  the 
SoottiahTUL' 

I  tiiink,  therefore,  it  is  hardly  possible  that  the  Middle  Sand 
nries  of  the  north  of  England  can  be  the  equivalent  of  the 
SoattiBk  kames.  The  kames  are  found,  over  and  over  again,  to 
nst  upon,  and  to  be  made  up  out  of  the  denuded  ''boulder-earth 
and  day,"  which  is  the  youngest  stony  clay  in  Scotland.  It  is  true, 
indeed,  that  the  later  brick-days  occasionally  contain  a  few  stones, 
but  no  one  on  that  account  would  think  of  calling  them  Boulder- 
dty.  Thus  even  apart  from  the  fact,  mentioned  by  Mr.  De  Ranee, 
that  his  Upper  Boulder-clay  underlies  in  some  places  true  esker- 
drift,  the  evidence,  I  thinkj  is  yet  sufBciently  strong  to  show  that 
the  Middle  Sands  of  the  north-west  of  England  cannot  be  the 
equivalents  of  the  Scottish  Kames. 

Messrs.  S.  Y.  Wood  and  H^rmer,  in  a  series  of  interesting  papers, 
have  clearly  pointed  out  a  certain  succession  of  boulder-clays  and 
mtercalated  beds  in  the  eastern  maritime  districts  of  England.  Mr. 
Wood,  if  I  follow  him  rightly,  seems  inclined  to  the  opinion  that  his 
"great  chalky  boulder-cmy  *'  may  be  the  English  equivalent  of  the 
Scottish  Till,  the  older  glacial  deposits  of  England  not  being  re- 
pi-esented  in  Scotland.  But  the  Scottish  Till,  as  I  have  shown,  is 
not  merely  one  single  bed  of  stony  clay ;  in  places  sheltered  from 
tiie  grind  of  the  old  glaciers,  it  exhibits  several  intercalated  deposits 
of  gravel,  sand,  mud,  and  clay,  which,  along  with  the  separating 
Till,  may  very  likely  represent,  to  some  extent,  the  middle  and 
lower  glacial  groups  described  by  Mr.  Wood.  The  series  in  East 
Anglia  is  much  better  developed,  simply,  I  believe,  because  that  part 
of  Britain  has  not  been  subjected  to  the  same  degree  of  glaciation 
as  Scotland.  It  appears  to  me  highly  probable,  therefore,  that  the 
whole  series  of  Boulder-days  and  intercalated  sand  and  gravel  beds 
of  the  east  of  England,  up  to  and  including  the  **  purple  boulder- 
clay  of  Yorkshire,"  are  represented  (inadequately,  no  doubt)  by  the 
Scottish  TlLl,  boulder-earth  and  clay,  and  the  subjacent  and  inter- 
calated silt,  sand,  clay,  and  gravel ;  and  that  the  changes  of  climate 
which  are  indicated  by  the  succession  of  the  English  drifts  referred 
to,  took  place  before  the  great  submergence  which  ushered  in  the 
period  of  kames  and  that  of  erratics.  This  conclusion  harmonizes 
with  the  results  obtained  by  Mr.  Wood  in  co-operation  with  Bev.  J. 
L.  Borne  and  Mr.  F.  W.  Harmer.  These  geologists  distinctly  place 
the  "  great  denudation  and  principal  unconformity  "  after  the  depo- 
sition of  the  purple  clay  of  Yorkshire.  Thus,  in  East  Anglia, 
marine  gravels  rest  upon  the  denuded  glacial  deposits,  and  form  a 
sharp  line  of  demarcation  between  the  accumulation  of  Boulder-clay 
and  the  formation  of  the  later  drifts,  a  succession  which  is  precisely 
the  same  as  in  Scotland. 

^  Much  of  the  <*piner'  described  by  Mr.  MackintoBh  is  alfio  uialIlikeilih<Mdt\i& 
kind  of  deposit  as  the  ScottJah  Tin, 
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To  what  extent  England  was  submerged  daring  the  mtergladal 
periods  does  not  at  present  appear.  I  cannot  i^ree  with  those 
geologists  who  hold  that  the  Moel  Tryfim  beds  were  deposited 
during  the  same  period  of  submergence  as  the  ''Middle  Sand" 
series  of  the  north-west  of  England ;  and  it  may  also  be  strongly 
doubted  whether  the  Macclesfield  deposits  should  be  referred  to  wis 
horizon.  It  may  quite  well  be  that  the  Middle  Sand  at  Blaokpool 
contains  the  same  fossils  as  the  high-level  drift  at  Macdesfield,  but 
it  does  not  therefore  follow  that  the  beds  at  these  places  were  thrown 
down  during  the  same  period.  If  it  can  be  uiown  that  sereral 
oscillations  of  climate  characterized  the  Glacial  epoch,  then  it  must 
be  admitted  that  the  same  species  might  appear  and  disappear,  and 
appear  again,  according  as  the  conditions  were  &vourable  or  un* 
fiavourable  to  their  existence  in  our  seas.  Similaril^  of  fossils,  there- 
fore, cannot  be  taken  exdusively  as  proof  of  contemporaneity.  The 
"  Middle  Sands  "  of  Lancashire  and  Cheshire  tail  out  against  the 
gradually  rising  ground  at  a  height  considerably  below  that  attained 
by  the  Moel  T^an  and  Macclesfield  beds,  and  this  of  itself  is  ^od 
evidence  against  the  contemporaneity  of  these  latter  with  the  Middle 
Sands.  I  agree,  therefore,  with  Mr.  Searles  Y.  Wood,  who  appears 
inclined  to  rel^ate  the  Moel  Tiyfan  and  Macclesfield  deposits  to 
the  period  of  great  submergence  (the  kame  series  of  Scotland).  If 
a  submergence  to  the  extent  of  1400  feet  or  more  ever  took  plaoe  in 
Scotland  during  the  deposition  of  the  boulder-earth  and  clay  (which 
are  probably  the  equividents  of  the  Lancashire  and  Cheshire  boulder- 
days),  it  could  hardly  fail  to  have  left  some  traces  behind  it.  But 
there  is  no  evidence  of  any  such  great  inteiglacial  depression  having 
occurred  at  any  period  previous  to  the  accumulation  of  the  kames 
and  high-level  beaches.  Professor  Bamsay,  it  will  be  remembered, 
many  years  ago  expressed  his  opinion  that  the  beds  at  Moel  Try&n, 
from  which  Mr.  Trimmer  and  he  obtained  shells,  were  laid  down 
during  the  excessive  subsidence  that  followed  on  the  dose  of  the 
period  of  vast  gladers,  and  preceded  the  era  of  small  local  gladers. 
In  short,  the  beds  referred  to  appear  to  come  into  the  same  place  in 
the  series  as  the  high-level  beaches  or  shelves  of  Scotland,  which  are 
dearly  of  later  age  than  all  the  boulder-days. 

The  kames  and  erratics  of  Scotland  are  also  represented  in  Eng- 
land by  esker-drifl  and  large  ice-floated  blocks  and  boulders.  Over 
wide  ^stricts  occur  sporadic  mounds  and  interrupted  sheets,  patches, 
and  cappings  of  sand  and  gravel,  with  boulders,  which  geologists 
generally  agree  in  considering  to  be  of  later  date  than  the  till, 
boulder-clay,  and  associated  beds  of  sand,  gravel,  etc.,  in  the 
northern  and  eastern  districts  of  England.  It  is  uncertain,  how- 
ever, whether  the  representatives  of  the  Scottish  clays  with  Arctic 
sheUs  have  yet  been  detected.  The  occurrence  of  so  many  marine 
clays  belonging  to  different  periods  of  the  Oladal  epoch,  makes  it 
difficult  to  determine  this  pomt,  for,  like  Mr.  Wood,  I  am  not  dis- 
posed to  place  much  reliance  on  fossil  evidence  taken  by  iteelf.  It 
is  highly  probable,  however,  that  the  Nar  Clay  and  the  Hessle 
OJsy  may  occupy,  as  Mr.  Wood  has  axiggiQe^Ad,  th:^  same  gienetBl 
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horiiOQ  BM  tbe  shelly  Clays  of  Sootland.  It  is  quite  oertain,  at  all 
•rcnta,  that  these  latter,  apart  altogether  from  palasontological  con- 
■dttatioiifl,  cannot  possibly  represent  any  part  of  the  middle  or 
bwer  glacial  series  of  East  Anglia. 

The  latest  glacial  deposits  in  England  are  the  valley  moraines  of 
Wales  and  the  north.  When  I  say  Ihe  latest^  I  do  not  mean  to  assert 
Ant  any  bard  and  fiist  line  can  be  drawn  between  them  and  the 
■kar-dlnft  and  erratios.  Glaciers  no  doubt  existed  in  our  upland 
lalleyB  during  the  dispersion  of  erratics,  but  they  lingered  on  after 
flie  xe-deration  of  the  land. 

Ihxowing  the  general  results  now  obtained  into  a  tabular  form, 
flie  saooession,  it  will  be  seen,  closely  agrees  with  that  of  the 
Bootdah  drifts.    I  begin  with  the  lower  beds. 


Glacial  Dbfobitb  'of  East  Anolia.* 

1.  Lower,  Middle,  and  Upper  Gladal 

Gronps. 

2.  Wanting. 

3.  Marine  Grayelfl. 

4.  Hessle  Grarel,  Nar  beds,  Hessle  Clay. 
6.  Wanting. 


Q/LkOAL  DePOSTTB  OF  KOBTH-WIST 

OF  Enoland. 

1.  TDl;  Lower  and  Upper  Bonldfir-clay 

with  Middle  Sanfb.^ 
%  (Not  reoognixed).' 
S.  Eaker  DiSft. 
L  Kmiics. 
i.  ▼allcj  Morainei. 

In  Ireland,  a  tough  stony  clay,  similar  in  all  respects  to  the 
Soottish  Till,  has  long  been  recognized,  and  underneath  it,  in  some 
plaoes,  a  "  pre-glacial  drift "  is  found,  which  occasionally  contains 
the  remains  of  trees,  etc.^ 

A  few  years  ago,  Professor  Harkness  showed*  that  in  County 
Wexford  shelly  sands  occur  below  an  "  upper  Boulder-clay,"  and 
these  sands  he  took  to  be  the  same  as  certain  other  sands  in  ^e  east 
of  Ireland,  which  are  seen  to  rest  upon  a  "  lower  Boulder-clay." 
Great  caution,  however,  is  requisite  in  correlating  glacial  beds.  It 
would  appear  that  in  the  esker-drifb  of  Ireland,  which,  like  the  Scot- 
tish kame-drift,  is  of  later  date  than  all  the  Till  and  Boulder-clay 
deposits,  there  occurs  a  similar  assemblage  of  marine  shells  as  that 
which  characterizes  the  "  Manure  Gravels, "  with  their  cap  of 
Boulder-clay .•    In  the  absence  of  such  an  overlying  Boulder-clay, 

>  It  may  be  as  well  to  remark  that  I  offer  no  opinion  as  to  the  contemporaneity 
er  non-contemporaneity  of  the  Lanoasbire  Middle  Sands,  and  the  Middle  Glacial 
group  of  Mr.  Wood.  The  balance  of  evidence  appears  to  be  against  the  synchronism 
of  these  deposits,  but  the  question  will,  no  doubt,  be  settled  bv-and-by — the  zeal 
with  which  the  deposits  are  being  overhauled  by  Mr.  Wood  and  his  confreres  in  East 
AngUay  and  by  Mr.  De  Ranee,  Mr.  Mackintosh,  and  others  in  the  North  of  Kngland, 
leares  on^  in  no  doubt  about  this.  All  I  hold  is  that  the  beds  grouped  under  No.  1 
were  laid  down  during  the  same  great  epoch,  and  are  thus  the  equivalents  of  the 
Soottiflh  Till  and  intcrglacial  beds. 

*  It  is  possible,  however,  that  some  portion  of  the  deposits  in  group  6  may  belong 
to  this  period. 

*  I  K>llow,  of  course,  the  sequence  given  by  Mr.  Wood.  See  Geol.  Mao.,  Vol. 
VII.,  p.  18. 

*  See  Notes  on  some  of  the  Drift  in  Ireland  by  G.  H.  Einahan.  Dublin  Quart. 
Jonnal  of  Science,  vol.  vi.,  p.  249.  I  am  indebted  to  Mr.  Kinahan  for  some  MS. 
sotet  on  the  Irish  drift.  ^  Geol.  Mao.,  Vol.  VI.,  p.  542. 

*  Set  Mr.  Kinahan's  paper,  loc.  cit.  Possibly,  however,  some  of  tbe  dc^^Qin.\a 
nfierred  to  hjr  Mr.  Kinahan  may  belong  to  the  ''Middle  Sand  seiiea." 
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theiefore,  it  would  be  hazardous  to  place  in  the ''  Middle  Sand  series  " 
any  deposits  of  sand  and  gravel  that  happened  to  contain  shells  like 
those  of  the  "Manure  Gravels."  Quite  recently,  Professor  Hull 
recognized  in  the  beds  described  by  Professor  Harkness  the  precise 
equivalents  of  the  Middle  Sands  of  Lancashire,^  and  gave  a  section 
showing  the  sand  beds  intercalated  between  an  ''  upper "  and 
"lower  Boulder-clay."'  I  think,  therefore,  that  the  "upper  and 
lower  Boulder-clay "  and  intercalated  shelly  sands  of  Ireland  are 
almost  certainly  the  equivalents  of  the  Scottish  Till,  Boulder-earth 
and  clay,  and  interglacial  deposits. 

The  deposition  of  the  "  Boulder-clays"  of  Ireland  was  followed, 
after  an  interval,  by  a  period  of  submergence,  during  which  the  esker- 
drift  was  accumulated. .  From  the  presence  in  this  drift  of  marine 
shells  similar  to  those  now  living  in  British  seas,  it  is  quite  plain 
that  the  climate  during  this  period  was  temperate.  But  after  the 
land  had  been  submerged  to  a  considerable  depth'  a  great  dispersion 
of  erratics  took  place,  clearly  showing  that  the  temperate  conditions 
gave  place  to  an  Arctic  climate.  No  shelly  clays  similar  to  those  of 
the  Clyde  have  yet  been  detected  in  Ireland ;  but  the  mountain 
valleys,  like  those  of  Scotland,  Wales,  and  England,  abound  with 
traces  of  local  glaciers. 

I  need  not  refer  more  fully  to  the  details  of  the  Irish  Drift.  The 
researches  of  my  colleagues  on  the  Geological  Survey,  and  of  many 
other  observers,  clearly  show  that  the  general  succession  of  the 
glacial  deposits  in  Ireland  exactly  coincides  with  that  which  obtains 
in  Scotland. 

For  purposes  of  comparison  I  tabulate  the  Irish  deposits,  beginning 
as  before  with  the  lower  beds. 

Glacial  Deposits  of  IssLAin). 

1.  Till;  Boulder-clays  with  intercalated  beds. 

2.  ?  (Not  recognizea.)  * 

3.  Esker  drift. 

4.  Erratics. 

6.  Valley  moraines. 

Thus  wherever  the  Glacial  deposits  are  examined,  whether  in 
Europe  or  America,  they  appear  to  give  evidence  of  the.  same 
general  sequence : 

Ist.  A  lengthened  succession  of  periods  of  alternate  glacial  and 

1  Geol.  Mao.,  Vol.  VIII.,  p.  294. 

'  But  for  Tarious  reasons  I  am  not  prepared  to  afn^e  with  my  collea^e*s  sogitet- 
tion  that  the  *'  Limestone  Gravel "  of  Ireland  represents  this  Middle  Sand  group,  or 
was  ever  covered  by  Boulder-clay.  I  believe  that  the  Middle  Sand  series  of  Ireland 
("  Manure  Gravels  ")  will  be  found,  as  they  are  traced  inland,  to  thin  out  against  the 
gradually  rising  ground.  It  is  so  with  the  marine  interglacial  beds  of  the  maritime  dis- 
tricts of  Scotland ;  and  in  all  likelihood  with  those  of  the  north-west  of  England 
also.  The  erratics  restini;  upon  the  gravel  ridges  exactly  tally  with  those  occupying 
a  similar  position  in  Scotland,  Northern  Europe,  and  North  America. 

>  Mr.  Einahan  mentions  the  occurrence  of  marine  terraces  on  Slieve  Aughta  at  a 
height  of  1200  feet.  I'he  Rev.  Mr.  W.  Close  also  refers  to  shelly  sands  at  a  similar 
height  on  Three  Rock  Mountain. 

*  Mr.  Einahan  describes  a  "  rocky  moraine  drift  '*  which,  in  part  at  least,  may  be 
the  representative  of  the  Scottish  *'  moraine  rubbish  "  mentioned  in  my  last  oommn- 
nication  to  the  Maoazixb, 
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temperate  oonditioiis  ;  the  periods  becoming  less  intensely  con- 
tnsted  towards  the  dose.^  This  was  the  time  of  great  continental 
ifl^-sheets,  but  in  the  later  glacial  periods  of  the  same  cycle  the  ice- 
dieets  were  less  extensive.  Oscillations  of  the  relative  level  of  land 
nd  sea  took  place,  but  to  what  extent  is  not  known.' 

2nd.  A  period  of  unknovm  duration,  when  the  ice-sheets  withdrew 
book  all  the  low  grounds,  leaving  behind  them  piles  of  rubbish. 
Climate  becoming  temperate. 

3rd.  A  period  of  subsidence,  during  which  the  moraines  profondes 
md  terminal  moraines  were  much  denuded  and  their  remains  heaped 
up  into  mounds  and  ridges  by  the  action  of  the  sea.  Climate 
temperate. 

ith.  A  period  of  emergence,  characterized  throughout  by  arctic 
oonditions;  much  floating-ice  dispersing  erratics  over  the  submerged 
land;  aocnmulation  of  clays  with  arctic  mollusca;  pauses  in  the 
npwwcd  movement  marked  by  '*  raised  beaches." 

5th.  A  period  of  local  glaciers  in  Oreat  Britain  and  Ireland; 
oontinned  elevation  of  land;  continental  condition  of  our  island 
followed  by  partial  submergence  and  re-elevation.  Climate  becoming 
giadoally  ameliorated. 

Having  now  considered  the  glacial  and  interglacial  deposits,  I  pro- 
pose to  take  up  some  of  those  difficult  problems  which  are  suggested 
Dj  the  phenomena  of  the  cave  deposits  and  older  river  gravels  of 
England.  It  will  be  seen  in  the  sequel  that  the  facts  already  adduced 
l)ear  strongly  upon  this  subject ;  indeed,  without  a  clear  conception 
of  the  succession  of  events  revealed  by  our  glacial  deposits,  it  appears 
to  me  that  we  run  some  risk  of  getting  into  confusion  when  we  seek 
te  decipher  the  history  of  post-glacial  accumulations. 


T. — The   Post-Glaoial  Geology   and   Physiography  op  West 
Lahgashibe  and  the  Mersey  Estuary. 

By  T.  Mellard  Reade,  C.E., 
Associate  of  the  Institution  of  Civil  Engineers. 

MY  attention  having  been  directed,  during  the  construction  of  the 
Main  Outfall  Sewer  at  Birkdale,  to  the  Post-Glacial  deposits 
underlying  the  great  plain  between  Waterloo  and  Crossens,  and 
having,  through  the  execution  of  numerous  other  works  in  the  dis- 
trict, peculiar  advantages  for  prosecuting  investigations  in  Post- 
Glacial  Geology,  I  am  induced  to  lay  before  your  readers  several 
interesting  facts,  and  also,  as  I  venture  to  think,  some  important  de- 
ductions therefrom. 
With  the  exception  of  the  superficial  sands  and  gravels  and  river 

>  The  eridence  dcriyed  from  the  Glucial  deposits  of  East  Anglia  would  make  it 
ippear  that  at  the  beginning  of  the  cycle  the  nrctio  and  temperate  periods  were  also 
les  strongly  contrasted  than  they  subsequently  became. 

'  I  have  stated  in  the  text  my  belief  that  toe  Macclesfield  beds  and  those  of  Moel 
Tryfan  ought  to  be  referred  to  the  periotl  of  great  submergence,  during  which  the 
kame  series  or  esker  drift  was  accumulated ;  they  arc  in  all  probability  the  enuivalents 
of  the  high-level  shelyes  of  drift  met  with  in  Ireland  and  Scotland,  and  bk^^\^  \vi 
North  America. 
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Talley  deposits,  described  by  Binney,  Trimmer,  and  others,  the  great 
mass  of  Post-61acial  deposits  of  Lancashire  and  Cheshire  lie  on  the 
margin  of  the  sea-coasts,  and  of  the  rivers  Mersey,  Dee,  and  Bibble^ 
and  follow  with  remarkable  regularity  the  25-ft.  contour  line  below 
which  the  bulk  of  them  lie. 

The  Lancashire  deposits  between  Waterloo  and  the  river  Douglas 
have  a  coast-line  of  about  24  miles  long,  are  4  miles  wide  at  Formby, 
measuring  from  high- water  mark,  and  run  inland  in  the  valleys  of 
the  rivers  Alt  and  Douglas  about  8  miles  respectively.  They  also 
extend  into  the  valley,  in  which  was  formerly  Martin  Mere,  about  7 
miles,  joining  the  Douglas  valley  deposits  at  Bufford,  through  a 
narrow  neck.  Between  Martin  Mere  and  the  river  Douglas  the 
Boulder-clay  rises  through  the  Post-Olacial  deposits  to  a  maTimum 
height  of  68  feet  above  Ordnance  datum,  and  occupies  an  area  of 
about  8^  square  miles.  The  total  area  of  the  Post-Olacial  deposits 
lying  imand,  from  high-water  mark  at  the  coast-line,  forming  what 
I  call  the  Formby  plain,  is  about  75  square  miles.  Nearly  the  whole 
of  this  plain,  though  much  of  it  lies  below  high  water,  is,  through 
the  drainage  works  of  the  Alt  and  those  at  Orossens,  now  under 
cultivation.  In  Cheshire  the  equivalents  of  these  deposits  form 
another  plain  drained  by  the  Birket,  a  brook  fsJling  into  Wallasey 
Pool,  the  lowest  and  major  part  of  which  pool  is  now  occupied  by 
the  Birkenhead  Docks.  This  plain  is  about  6  miles  long  at  the  coasts 
and  has  an  area,  inland  of  high-water  mark,  of  about  7^  square 
miles. 

In  addition  to  the  Formby  and  Birket  plains,  there  are  numerous 
equivalent  formations,  such  as  the  Ince  and  Helsby  Marshes  in 
Cheshire,  and  alluvial  or  tidal  flats  fringing  the  Mersey,  and  reach- 
ing above  Warrington;  with  similar  formations  on  the  Dee  and 
Bibble,  occupying  together  many  square  miles. 

Base  of  the  Deposits, — The  base  upon  which  the  deposits  rest  is 
nearly  everywhere  Boulder-clay,  under  which  occur  the  sandstones 
and  marls  of  the  Trias.  A  careful  comparison  of  borings  and  sink- 
ings at  various  points  has  convinced  me  that  at  the  base  of  the 
deposits,  and  forming  the  surface  upon  which  they  rest,  is  a  Post- 
Olacial  beach  cut  iii  the  Boulder-clay,  and  that  the  valleys  of  the 
Alt,  the  Douglas,  and  the  Bimrose  brook  pass  under  the  deposits 
seaward,  to  a  considerable  depth  below  low- water  mark  ;  the  whole 
being  filled  and  levelled  up  with  the  marine  formations  and  old  land- 
surfaces  now  under  consideration.  Borings  taken  on  the  Waterloo 
shore  show  the  clay  from  6  to  9  feet  below  the  surface,  and  other 
borings  show  a  gradual  deepening  of  the  Post-Glacial  strata  north- 
wards, until  at  Birkdale  it  reaches  80  feet ;  the  depth  of  the  strata 
bearing  a  pretty  constant  proportion  to  the  recession  inland  of  the 
25-feet  contour  line.  A  well-sinking  at  Seaforth  Station  showed  40 
feet  of  peat  and  10  feet  of  silicious  silt,  without  reaching  the  Boulder- 
day  or  the  rock,  showing  that  the  Bimrose  brook  formerly,  when  the 
land  was  elevated,  flowed  down  a  deep  and  narrow  gulley,  now 
H|yelled  up.  Again,  at  Bufford,  piles  were  driven  70  feet  into  the 
^■^  wiihont  bottoming  them,  proving  that  t\ie  Bo\ig|laa,  at  the  same 
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period,  also  flowed  down  a  deep  valley  now  silted  up ;  and,  as  its 
Booth  now  bottoms  on  the  Boulder-clay,  and  the  river  is  nearly 
•npty  at  low  water,  after  the  silting  up,  it  must  have  worked  its 
oonrse  to  the  westward  and  cut  out  the  cliffs  of  Boulder-clay  forming 
lb  west  or  left  bank  at  Hesketh.  The  valley  of  the  old  Wallasey 
tool,  that  of  the  river  Weaver,  and  numerous  tributaries  along  the 
Iferaey,  now  silted  up,  all  go  to  prove  that  the  land  was,  previously 
Id  the  Post-Glacial  deposits,  considerably  elevated,  as  these  valleys 
eoold  only  be  cut  down  vertically  by  sub-aerial  action ;  though,  I 
believe,  they  have  been  considerably  widened  and  modified  by  marine 
denodiution. 

Wtuhedt'Drift  Sand, — Evidences  of  a  very  considerable  submer- 
gence of  the  land  are  tolerably  abundant  in  districts  adjacent  to  the 
one  under  consideration,  marine  shells  having  been  found  in  stratified 
beds  of  sand  and  gravel  up  to  400  feet  high  on  the  Ribble,  1200  feet 
st  Maodesfield,  and  1300  feet  on  Moel  Tryfaen  in  Wales ;  on  the 
opposite  side  of  the  Irish  Sea  on  the  Three  Rocks  Mountain,  at 
Kingston  at  1200  feet  high,  and  I  believe,  also,  in  elevated  positions 
in  the  Isle  of  Man.  These  shells  consist  wholly  of  recent  species, 
bat  some  of  them  are  of  a  northern  character,  indicating  colder  con- 
ditions  than  at  present  obtain.  Their  exact  position  in  relation  to 
the  Boolder-clay  of  Lancashire  has  not  yet,  that  I  can  ascertain,  been 
dearly  made  out,  and  demands  much  closer  attention  than  has  hither- 
to been  given  to  the  question.  Judging  from  the  physical  appearance 
of  Lancashire  and  Cheshire,  I  have  slowly  arrived  at  the  opinion  that 
rinoe  the  laying  down  of  the  Boulder-clay,  it  has  been  elevated  and 
again  submerged,  as  its  surface  presents  what  can  only  be  planes  of 
marine  denudation.^  While,  on  the  other  hand,  the  valleys  before 
alluded  to,  now  filled  up  with  Post-Glacial  deposits,  and  also  the 
main  valley  of  the  Mersey,  had,  undoubtedly,  been  excavated  their 
fall  depth  before  any  of  these  Post-Glacial  depositions  took  place. 
The  width  of  these  valleys  is  too  great,  and  the  slopes  of  their  sides 
too  gradual,  to  be  due  to  6u})-aerial  influences  alone.  Nor  could 
they,  in  my  opinion,  have  been  formed  during  the  first  emergence  of 
the  Boulder-clays  from  under  the  sea,  as  I  fail  to  understand  how,  in 
that  case,  they  could  have  been  cut  down  to  their  present  depth.  A 
considerable  Post-Boulder-Clay  submersion  of  the  land,  previous  to 
any  of  the  deposits  I  am  about  to  describe,  has,  therefore,  I  venture 
to  think,  taken  place.  Whether  this  interval  of  elevation  and  sub- 
mergence is  accepted  or  not,  the  Boulder-clay  has,  undoubtedly, 
suffered  much  marine  denudation,  and  the  effect  has  been  the  elimina- 
tion from  it  of  what  I  have  temie<l,  in  allusion  to  its  derivation, 
vashed'drift  sand,  under  which  term  I  include  the  Sbirdley  Hill 
Band  of  De  Ranee'  and  the  upper  drift  sand  of  local  geologists. 
P'DSsibly  the  forest  sand  of  Binney  ^  and  the  superficial  sand  described 

^  Chamben  calls  them  terraces.    Sec  Ancient  Sea  Margins,  p.  224. 
'  Explanation  of  Geological  Map,  90  S.£. 

'  **  Drift  Deposits  of  Manchester  and  its  Neighbourhood." — Manchester  Lit^rwr^ 
ind  Philosophical  Socictjr's  Memoirs,  vol  riii. 
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by  Trimmer  ^  may  be  due  to  the  same  agency.  The  Esker  drift  in 
Ireland  is  perhaps  synchronous  with  the  washed  drift  sand,  and  is 
probably  also  a  reconstructed  deposit  An  examination  of  nomerooB 
excavations  has  shown  me  that  the  washed  drift  sand,  in  its  normal 
position,  rests  on  thin  beds  of  reconstruoted  gravel,  lying  on  the 
Boulder-clay ;  but  that  having  been  subject  to  sub-aerial  denudation, 
much  of  it  has  been  removed  and  displaced,  as  shown  by  the  interca- 
lated soil  and  peat-beds  which  it  occasionally  contains.  I  have  traced 
it  along  the  coast-line  and  inland,  the  whole  distance  between  the  river 
Douglas  and  Warrington.  It  is  found  under  the  mosses  at  Martin 
Mere,  Bainford  and  Bickerstafife,  and  is  generally  mtcU  developed 
along  the  25-foot  contour,  from  Scarisbrick  to  between  Hill  House 
Altcar,  and  Downholland  Cross.  Thence  it  follows  the  valley  of  the 
Alt,  and  lies  in  places  15  feet  deep  below  Clock-house  Bridge,  and 
also  on  the  Aintree  race-course.  At  little  Crosby  the  construction 
of  a  sewer  showed  a  considerable  extent  and  depth,  containing  inter- 
calated land-surfaces,  and  also  a  seam  of  gravel  several  feet  above  its 
bottom.  It  caps  the  Boulder-cliffs  from  Aigburth  to  Hale,  and  is 
generally  distributed  in  patches  over  a  wide  extent  of  country.  It 
is  a  quartzose  sand,  remarkably  homogeneous  in  character  and  free 
from  pebbles,  and  its  organic  contents,  as  far  as  I  have  hitherto  been 
able  to  discover,  consist  wholly  of  vegetable  remains.  It  varies  in 
colour  from  a  bright  yellow  to  a  deep  chocolate  and  a  pure  white. 

Inferior  Feat-Bed  and  Subterrene  Land-Surface, — On  the  coast  of 
Ghefihire,  between  Leasowe  and  Meols,  are  to  be  seen  exposed  the 
remains  of  two  peat  and  forest  beds — which  evidently  mark  two 
periods  of  elevation — divided  by  a  blue  clay  or  silt,  containing  Scr<h 
hicidaria  piperata  and  other  marine  or  estuarine  forms.  A  boring  at 
the  Palace  Hotel,  Birkdale,  showed,  at  a  depth  of  78  feet  6  inches,  a 
bed  of  mixed  blue  clay  and  peat,  18  inches  thick,  lying  on  the 
Boulder-clay,  evidently  due  to  the  denudation  and  destruction  of  a 
land-surface  contemporaneous  with  the  lower  forest  bed  in  Cheshire. 
The  intercalated  soil -bed,  with  tree  stumps  erect  therein,  contained 
in  the  washed -drift  sand  behind  Crosby  Hall,  I  also  consider  of  the 
same  age,  as  it  underlies  a  continuation  of  the  upper  or  superior 
peat-bed;  and  in  a  section  of  the  excavations  for  the  foundations 
of  the  Liverpool  Custom  House'  the  inferior  peat  and  forest  bed 
is  also  shown,  resting  on  the  rock  about  40  feet  below  high-water 
mark,  and  is  divided  from  the  superior  peat-bed  by  10  feet  of  blue 
silt.  As  the  inferior-peat  bed  has  been  subject  to  great  denudation,  it  is 
only  found  in  favourable  and  protected  spots.  At  Bewsey  Valley,  War- 
rington, a  peat  and  forest  bed,  described  by  Mr.  Paterson,  from  5  to  6 
feet  thick,  from  which  was  taken  out  the  skull  of  a  bear,  was  ex- 
posed by  the  excavations  for  the  piers  of  the  new  railway  viaduct' 
On  examining  it  in  a  later  excavation  by  one  of  the  piers,  I 
found  overlying  the  peat  a  fine  grey  tenacious  clay,  remarkable  as 
being  the  only  clay  in  which  were  present  segregated  particles  of 

*  "  On  the  Krratic  Tertiarieg,  etc.,**  Quart.  Joum.  Geol.  Soc.,  1861,  yoL  yii.  p.  201. 

*  GeoloKj  of  the  Country  around  Liverpool.    Morton,  p.  46. 
'  Paper  on  the  **  Geology  of  the  Bewaey  Valley." — Patenoo. 
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:e  of  iron,  of  a  brilliant  blue  oolonr.  This  mineial  I  have 
casionally  on  the  surfaoe  of  bones  taken  out  of  peaty  soil- 
id  at  Birkdale,  at  one  point  immediately  under  the  peat, 
Qcretionary  lumps  of  clay  contained  it.  It  appears  to  be  due 
urtial  deoxidation  of  peroxide  of  iron,  caused  by  decompos- 
stable  matter,  and  the  union  of  the  iron  with  phosphorus 
he  day  in  the  form  of  phosphates  by  decomposing  animal 
Near  the  peat  the  phosphate  of  iron  is  more  largely  de- 
Dnder  the  microscope  this-  day  showed  TriceraUum  favw — 

>  <m:  brackish  water  diatom.  For  reasons  which  I  have  not 
•  detail  here,  I  am  inclined  to  correlate  this  peat  with  the 
Peai  Bed,^  Doubtless  much  more  of  this  ancient  land-surface 
M  brought  to  light  were  excavations  made  in  creeks  now 
S  which  from  their  position^  were  formerly  protected  from  the 
es  of  the  tides. 

^  and  Leasowe  Marine  Beds,  —  Lying  upon  the  denuded 

of  the  inferior  peat-bed,  or  where  ita  destruction  has  been 

e,  upon  either  the  washed-drift  sand  or  thin  beds  of  re- 

gravel,  resting  on  the  Boulder-clay,  or  in  some  cases  upon 

>  Triassic  rocks,  are  a  most  important  group  of  Post-Olacial 

* 

the  whole  group  is  of  marine  origin  I  have  fully  satisfied 
having  fouiid  marine  shells  in  these  beds  under  the  superior 
1  forest  bed,  exposed  by  tidal  action  at  the  mouth  of  the  Alt,, 
dquivalent  laminated  grey  clay  at  Birkdale,  and  in  the  clay 
I  between  the  inferior  and  superior  peat-beds  all  along  the 
3  coast.  Marine  shells  were  also  found  in  cutting  the  sluices 
I  Formby  and  Ainsdale,  and  20  feet  deep  in  a  well  at  High- 
Among  the  shells  which  I  have  found  in  Lancashire  are 
daria  piperata,  Tdlina  solidula,  Turriiella  communis,  Natica 
ra  and  Cardiwn  edule.  In  Cheshire  there  is  a  greater  variety, 
ict  species  of  shells  or  Arctic  forms  have  been  found  in  these 
.  A  diligent  microscopical  investigation  of  a  great  many 
ns  from  different  localities  has  also  disclosed,  in  nearly  all 
lere  the  marine  shells  are  absent,  either  Foraminifera,  among 
totalias  are  the  most  frequent,  or  marine  or  estuarine  forms  of 
iceae.  Six  feet  below  the  superior  peat-bed  and  3  miles  in- 
Formby,  I  found  Foraminifera  in  the  laminated  blue  clay,  as 
specimen  taken  from  two  feet  below  the  sub- marine  forest  of  the 
ir.  F.  Kitton,  of  Norwich,  who  hais  kindly  examined  my 
ns,  detected  in  them  the  following  Diatomacese,  all  forms 
live  only  in  salt  or  brackish  water :  TriceraUum  favus,  T, 
m,  Coscinodiscus  radiatus,  MeloBtra  Borreii,  Podosira  mactdaiaf 
ieUa  gracilis,  Nitzchia  Brebissanii,  Navieula  Jennerii,  N,  minu- 

7awBer,  Borough  Engineer  of  Warrington,  tells  me  the  surface  of  the 
between  19  and  20  feet  abo?e  Ordnance  datum. 

2lba8.  De  Ranee  considers  it  to  be  a  fresh-water  deposit,  and  has  termed  it 
ty,  and  it  is  so  called  on  the  Map  90  S.£. ;  but  he  must  have  been  misled  by 
id  shells  of  Cyclaa  cornea  thrown  out  in  cleaning  the  drains  or  ftl\i\CM  eii.<;»k- 
>iigh  the  peat  into  the  blue  clay. 
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tula,  N.  didymay  N.  WesUi  and  Pleurosigfna  Balticum,  The  evi- 
dence of  marine  origin  is  almost  everywhere  of  the  most  oonclusive 
character,  though  probably  not  accessible  to  all  observers. 

The  blue  clay,  locally  &own  as  ''  Scotch^*'  varies  from  a  tenacity 
suitable  for  maldng  bncks  to  that  of  a  looser  or  more  silty  and  sili- 
ceous character.  This  laminated  clay  has  evidently  been  laid  down 
in  quiet  waters  or  embayments,  and,  in  boring  through  it,  it  invari- 
ably, if  of  sufficient  d^th,  gradually  passes  into  a  fine  siliceous  silt 
In  certain  localities,  as  between  the  Alt  mouth  and  the  sab-marine 
forest,  are  local  beds  of  sand ;  and  the  nature  of  the  beds  in  other 
places  passes  from  sand  throogh  silt  to  blue  day^  For  these  reasons, 
a  comprehensive  term  is  desirable,  and  I  have  therefore  proposed  to 
call  them  the  Formby  and  Leasowe  Marine  Beds.  The  one  name 
representing  Lancashire  and  the  other  Cheshire — ^both  places  being 
central  in  tkeir  respective  districts.  The  depth  of  the  d^K)8its  in 
places  exceeds  70  feet,  and,  having  levelled  up  the  beaeh  and  valleys 
of  the  Boulder-day,  that  portion  inland  of  high-water  mark  is  repre- 
sented, I  should  say,  by  the  space  included  between  the  Boulder-clay 
base  and  a  horizontal  plane  about  10  feet  above  Ordnance  datam. 

The  most  frequent  mammalian  remains  found  in  these  beds,  but 
which  are  ako  common  to  the  overlying  peat-bed  and  recent 
silts,  are  those  of  the  Cervus  elaphua  or  red  deer.  There  have 
also  been  found  in  both  the  skulls  of  Bos  kmgifronM,  Bo$ 
primigenius,  and  bones  of  a  small  variety  of  Equus,  and  of  the 
dog  or  wolf.  Bones  of  Cetaceans  occur,  as  far  as  I  have  been 
able  to  ascertain,  only  in  the  recent  silta.  From  physical  reasons 
I  some  time  since  came  to  the  conclusion  that  these  deposits 
had  taken  place  when  the  land  was  relatively  lower  to  the  sea  than 
now ;  and  having  found  at  Leasowe,  below  the  superior  peat-bed,  a 
bed  of  Scrobicfdaria  piperaia,  evidently  where  they  had  lived  and 
died,  at  about  high- water  mark  of  spring-tides,  this  fact  seems  to 
conclusively  settle  the  matter.  I  am,  therefore,  of  opinion  that  high- 
water  mark  was  then  at  or  about  the  25-feet  contour  line.  The  area 
of  these  deposits,  exclusive  of  those  in  the  Mersey  itself,  is  in  Lanca- 
shire about  75  and  in  Cheshire  7|  square  miles,  the  same  as  previously 
stated,  for  the  whole  series  of  these  deposits  on  the  coast,  below  the 
25-feet  contour  line,  aud  inland  of  high-water  mark. 

Superior  Feat  and  Forest  Bed. — After  the  Formby  and  Leasowe 
marine- beds  had  been  laid  down,  the  land  became  gradually  elevated 
and  subject  to  sub-aerial  influences,  which  partially  moulded  and 
modified  the  form  of  the  now  dry  land.  The  sea  would  leave  the 
surface  in  long  undulations,  thereby  determining  to  some  extent  the 
water-beds  and  new  river  valleys,  though  the  persistence  of  the  old 
valleys  is  certainly  remarkable.  The  cutting  of  the  back  drain  at 
Crossens  discloses  what  is  evidently  an  old  river-bed,  now 
silted  up,  the  bottom  of  which  is  certainly  not  less  than  10  feet 
below  Ordnanoe  datum,  and  therefore  considerably  below  the  bed 
of  either  the  Alt  or  Douglas,  and  probably  drained  the  site  of 
Martin  Mere  and  a  large  extent  of  country  to  the  southward. 
12us  hver'bed,  at  the  point  named,  ia  out  through  the  Boulder- 
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2lay,  and  I  ascribe  its  formation  to  sub-aerial  aqueous  erosion 
loring  this  the  last  period  of  elevation.  The  superior  peat  and 
forest  bed  lies  upon  the  Formbj  and  Leasowe  marine-beds,  and 
oontaine  at  its  base  the  remains  of  an  ancient  forest  or  forests.  The 
oak,  pine,  hazel,  alder,  birch,  eta,  are  among  the  trees  found  in  it, 
■nd  may  be  seen  with  stumps  erect  and  roots  striking  deeply 
down  into  the  blue  clay  at  the  Alt  mouth.  In  some  plaoes  only  the 
roots  are  seen  striking  into  the  day,  the  bole  having  rotted  away 
and  the  roc^ts  being  only  covered  by  a  thin  layer  of  peat 

With  this  bed  I  correlate  the  peat-bed  of  (5d  Wallasey  Pool,  now 
oooopied  by  the  Birkenhead  Docks,  the  40  feet  of  peat  J^ing  up  the 
BinmMe  gnlley,  the  peat*beds  under  the  blown  sand  at  Waterloo,  the 
upper  bed  in  the  Custom  House  section,  before  referred  to,  the  land- 
surfiswe  of  the  little  creek  at  Garston,  and  the  beds  covering  nearly  the 
whde  areas  of  the  previously-mentioned  deposits;  the  average  depth  of 
wldcfa  will  probably  be  about  7  feet,  though  in  some  localities  12,  and  in 
one  North  of  Scarisbrick  20  feet  thick.  The  inland  margin  rests  gene- 
nlly  wpOTL  the  washed-drift  sand,  as  also  does  part  of  the  peat  near 
Martin  Mere. 

Becemt  Deposits. — Since  the  last-mentioned  forest  grew,  the  land 
has  gradually  subsided  to  its  present  level,  and  probably  the  resulting 
obstruction  to  the  drainage  has  been  the  cause  to  a  large  extent  of  the 
peat-beds.  That  part  of  the  peat  is  due  to  this  cause  is  proved  by  the 
occasional  intercalated  beds  of  silt,  in  one  case  at  Birkdale  containing 
marine  shells.^  A  long  pause  (certainly  in  commencement  Pre-Boman) 
ensued,  as  is  shown  by  the  levelling  up  of  all  the  depressions  of 
the  swerior-peat  bed  with  marine  or  tidal  silts,  assisted  by  alluvium 
brou^t  down  by  rivers  during  floods.  This  levelling  is  so  com- 
plete, and  from  the  levels  the  later  stages  of  it  must  have  been  so 
alow,  that  it  measures  a  very  considerable  lapse  of  time.  Bones  of 
Oeiaceans  have  been  found  in  this  silt  in  excavaticoM  for  the 
Liverpool  and  the  Birkenhead  Docks. 

Denudation  and  deposition  invariably  ga  together,  and  we  find 
that  below  tidal  mark  the  superior  peat  and  forest  bed  has  itself  been 
tubjeot  to  great  denudation,  being  only  preserved  where  occurring  in 
shelteied  inlets  or  creeks.  That  the  land  on  the  Cheshire  coast 
extended  considerably  seawards  I  consider  an  incontestable  fact. 
Areas  of  deposition  and  denudation  are  also  continually  cheuiging. 
and  consequently  we  find  recent  deposits  in  places  where  the  former 
land-snr£Bk^  had  been  denuded;  and  this  diange,  it  must  be  borne  in 
mind,  takes  place  without  any  relative  alteration  of  the  levels  of  sea 
and  land. 

Bloum  Sand. — Among  the  most  recent  deposits  is  that  of  blown 
sand  covering  the  superior  peat-bed  to  a  considerable  distance  inland 
all  along  the  coasts  of  Lancashire  and  Cheshire,  and  rising  into  high 
sand  dunes  as  it  fringes  the  sea-margin.  The  present  shore  being  so 
extremely  flat  is  eminently  favourable  to  the  generation  of  blown 

^  Mr.  Binney  and  Mr.  Talbot  also  found  an  intercalated  bed  of  blue  silt  by  Down- 
boUaiid  Brook.— ^ee  **  On  the  Petroleum  found  m  DownhoUaad  Mosty"  Maacbeitex 
Oeologiesl  Boaetj's  Proeeedings,  diaroh,  184^ 
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sand,  the  drifting  ocourring  mostly  between  neap  and  spring  tides, 
when  a  large  extent  of  the  shore  is  bare  and  dry.  When  the  sand 
first  began  to  blow  is  an  interesting  problem  difficult  to  solve ;  for 
though  Boman  remains  are  fcnmd  at  the  base  of  the  Sandhills  in 
Cheshire,  this  does  not  settle  the  question,  as  there  may  have  been 
sand  dunes  to  the  northward  on  me  new  land  which  have  since 
encroached  landward.  In  places  also  6iere  are  beds  containing 
fresh  water  or  marsh  shells,  but  I  do  not  consider  these  general  and 
intercalated ;  in  the  blown  sand  are  traces  of  former  cultivated  soil- 
surfaces. 

General  Conclusions. — ^A  careful  consideration  of  the  forgoing 
&ct6,  of  which  only  a  bare  outline  is  given,  has  enabled  me  to  eome 
to  the  following  conclusions. 

1st.  That  since  the  laying  down  of  the  Boulder-day,  tiie  land  has 
been  elevated  above  its  present  level,  and  has  been  again  depressed 
considerably  below  it,  tiie  main  portion  of  the  present  Lancashire 
and  Cheshire  river  valleys  having  been  excavated  during  this  period 
and  the  subsequent  re-emergence  of  the  land.  The  washed^rift  sand 
was  eliminated  from,  sorted  and  re-formed  out  of  the  Boulder-diift, 
and  scattered  over  the  country,  but  has  been  much  denuded  and 
displaced  since  by  atmospheric  and  aqueous  influences  above  tlie 
25-fe6t  contour,  and  by  sub-aerial  and  sub-marine  denudation  below 
that  line. 

2nd.  On  re-emergence  the  land  was  again  elevated  above  its 
present  level,  and  a  pause  favourable  to  growth  occurred,  during 
which  time  the  "  inferior  peat  and  forest  beds  "  or  subterrene  land- 
surfaces  were  formed.  The  vertical  extent  of  this  and  after-move- 
ments will  be  considered  at  a  future  time. 

3rd.  A  second  period  of  subsidence  followed,  and  a  pause  occurred 
at  or  about  the  25 -feet  contour  line ;  considerable  denudation  of  the 
inferior  peat  took  place,  and  afterwards,  the  Formby  and  Leasotoe 
marine  beds  were  laid  down. 

4th.  The  latest  vertical  upward  movement  succeeded  the  forma- 
tion of  the  Formby  and  Leasowe  marine-beds,  and  upon  them,  as  a 
land-surface,  grew  the  forest  trees,  remains  of  which  are  seen  at 
ihe  base  of  the  superior  peat-bed.  They  are  traceable  from  the  mouth 
of  the  Douglas,  by  Formby  and  Waterloo,  to  a  little  creek  at  Garston, 
and  on  the  opposite  Cheshire  shore  from  the  Mersey  to  the  Dee,  and  as  far 
up  the  Mersey  as  the  Ince  and  Helsby  marshes  and  the  mouth  of  the 
Kiver  Weaver.  The  river-bed  at  Crossens  was  excavated  during  this 
period  of  elevation. 

5th.  The  last  movement  of  the  land  now  took  place  and  was  down- 
wards. The  river-bed  at  Crossens  was  silted  up,  and  the  drainage  of 
Martin  Mere  reversed  into  the  Douglas.  The  drainage  generally 
was  obstructed,  and  here  and  there  beds  of  tidal  silt  were  inter- 
calated in  the  growing  peat.  The  tidal  silt  overlying  the  superior 
peat-bed  by  the  Douglas,  the  Alt  and  the  Birket,  the  silt  which  over- 
lay the  peat-bed  of  old  Wallasey  Pool,  and  that  in  which  the  vertebra 
of  a  whale,  now  in  Brown's  Museum,  was  discovered  at  the  Nortli 
Docks,  and  all  the  deposits  to' which.  I  confine  the  term  recent,  belong 
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to  this  period,  in  a  pause  of  which  we  are  now  living.  These  silts 
aze  again  in  places  being  denuded  or  **  fretted  "  away,  and  though 
there  is  and  has  been  since  the  Boman  occupation  a  cessation  of 
vertical  movement  in  the  land,  horizontal  displacements  by  erosion 
and  re-formations  by  deposition  are  still  taking  place,  due  solely  to 
dianges  of  tidal  and  river  currents — agencies  capable  of  affecting 
much  greater  change  than  is  usually  supposed,  and  the  effects  of 
which,  even  within  the  limits  of  the  last  century,  I  hope  at  some 
liitaie  time  to  show  are  capable  of  measurement  and  exact  calculation. 


"VL — Oh  Subsidence  as  the  Effect  of  AocuuuLATioir.' 

By  Gharlbs  Rtckbtts,  M.D.,  F.O.S. 

fnHIB  majority  of  geologiced  formations  have  certainly  been  de- 
A.  posited  in  what  was  at  their  respective  periods  the  sea ;  but 
Sir  Charles  Lyell,  Prof.  G^ikie  and  others  have  shown  that  the  action 
of  the  waves  and  currents  upon  sea-cliffs,  and  their  power  to  remove 
matter  from  above  to  below  the  sea-level,  is  very  insignificant  com- 
pared vrith  that  effected  by  atmospheric  agents,  by  rain  and  rivers, 
in  the  interior,  in  consequence  of  the  immensely  more  extended  area 
imon  which  these  act ;  so  that,  even  supposing  the  height  of  ancient 
diffs  to  have  been  very  much  greater  than  those  of  the  present  time, 
which  have  been  considered  to  average  not  more  than  twenty-five 
feet,  it  appears  difficult  or  rather  impossible  to  attribute  the  origin  of 
the  matenals  of  which  they  consist,  sometimes  amounting  to  several 
miles  in  thickness,  to  the  erosion  of  coast-lines,  with  the  exception 
of  a  comparatively  thin  stratum  situated  at  their  base.  Those  who 
have  ascribed  their  origin  to  marine  denudation  have  given  no  satis- 
fBLCtory  explanation  of  the  memner  in  which  the  ddhria  from  the  dis- 
integration of  the  cliffs  has  been  redistributed  to  form  these  strata. 

In  determining  the  source  whence  the  deposits  entering  into  the 
composition  of  Palseozoic  rocks  have  been  derived,  attention  must 
be  directed  to  the  frequent  recurrence,  at  or  near  the  base  of  these 
formations,  of  evidences  of  deposition  in  shallow  water,  such  as 
ripple-marks,  sun-cracks,  tracks  of  annelids,  etc.,  current-bedded 
strata,  and  conglomerates,  whilst  an  accumulation  of  materials  has 
subsequently  occurred  amounting  it  may  be  to  several  miles  in 
tiuckness ;  thus  proving  that,  simultaneously  with  the  deposit,  sub- 
sidence of  the  land  has  taken  place  to  at  least  as  great  an  extent  as 
the  whole  thickness  of  the  superincumbent  strata.  It  therefore 
follows  that  if  the  then  contour  of  the  land  was  similar  to  the 
present,  though  the  beds  at  the  base  may  at  their  formation  have 
been  situated  near  the  shore-margin,  those  overlying  them,  but 
separated  by  this  great  thickness  of  strata,  must  in  consequence  of 
the  subsidence  have  been  deposited  at  a  distance  of  very  many  miles 
from  the  coast,  so  far  that  by  no  possibility  could  the  sediment  have 
been  derived  from  marine  denudation  acting  on  cliffs. 

^  An  Abstract  of  a  Paper  read  before  the  Li?erpool  Geological  Society,  as  the 
Prendent's  Addreu  for  the  Seesion  1871-72, 
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The  ancients  considered  the  formation  of  valleys  to  have  been 
dependent  on  atmospheric  denudation;  that  ihey  have  been  excavated 
by  running  water,  and  that  floods  have  washed  down  hills  into  the 
sea.  This  opinion  was  advocated  by  Button  and  Plajrfair.  By  others 
their  origin  has  been  variously  attributed  to  the  effects  of  a  great  floo^ 
notably  the  Noachian  deluge ; — ^to  marine  action ; — ^that  they  are  sitaat- 
edand  dependent  on  lines  of  curvature,  dislocation,  and  fracture ;  but 
none  who  have  respectively  advocated  these  opinions  give  an  expla- 
nation of  the  manner  by  which  the  materials,  which  once  filled  up 
valleys,  have  been  removed.  Within  the  last  few  years  the  opinions 
of  Hutton  and  Playfair  have  been  revived,  more  particular  attention 
having  been  directed  to  the  subject  in  1853  by  Colonel  G^rge 
Greenwood,  in  his  work  entitled  "  Rain  and  Rivers."  These  views 
have  since  been  advocated  by  the  late  Prof.  Jukes,  and  by  Profs. 
Ramsay  and  Qeikie,  whilst  numerous  communications  and  essays 
have  appeared  in  the  pages  of  the  Geoloqioal  Magazine  from  the 
members  of  the  staff  of  the  Geological  Survey  and  other  observers. 
These  consider  that  valleys  have  in  all  cases  been  excavated  by  sub- 
aerial  agencies,  including  ice  and  glaciers,  the  d^ris  being  carried 
forwards  towards  the  sea  by  rain  and  rivers.  This  is  the  onfy  theory 
by  which  a  satisfactory  explanation  can  be  given  to  account  for  the 
redistribution  of  the  materials  which  have  been  abraded  from  the 
sides  of  valleys. 

It  is  almost  universally  conceded  that  perennial  snow  has  existed, 
and  that  glaciers  have  extended  over  districts  much  farther  south 
than  at  the  present  time;  to  this  ice-action  much  of  the  existing 
contour  of  the  land  is  to  be  attributed.  In  the  neighbourhood  of 
Liverpool  the  Triassic  rocks  on  each  side  of  the  Mersey  are  exten- 
sively smoothed,  grooved,  and  striated  by  this  glacial  action,  these 
markings  in  a  comparatively  soft  sandstone  having  been  preserved 
by  the  deposition  of  the  materials  (sand  and  the  Boulder-clay)  re- 
sulting from  the  grinding  motion  of  the  glaciers,  which,  in  a  similar 
manner  to  what  is  now  occurring  in  Greenland,  issued  as  sub-glacial 
rivers  thickly  loaded  with  mud  and  flowing  into  the  sea,  discoloured 
the  waters  for  miles  and  was  eventually  deposited  on  the  bottom  as  a 
thick  coating  of  clay.*  A  very  considerable  subsidence  of  the  land 
is  known  to  have  occurred  during  this  Glacial  period,  both  here  and 
in  other  parts  of  Britain  ;  this  depression  may  be  attributed  to  the 
combined  weight  of  ice  and  the  Boulder-clay  pressing  down  the  sur- 
face to  below  the  sea-level ;  the  land  being  again  raised  to  a  con- 
siderable extent  when,  upon  the  return  of  a  more  genial  climate,  it 
was  relieved  of  its  load  of  ice  and  snow.  A  similar  subsidence  is 
now  in  progress  in  Greenland,  for  the  ruins  of  houses  and  factories 
may  be  seen  in  places  now  entirely  submerged  at  high- water,  and 
simultaneously  there  exists  an  increased  severity  of  the  climate  and 
an  increase  of  the  accumulation  of  snow. 

The  formation  of  Deltas  and  alluvial  plains  has  been  considered, 
even  from  the  time  of  Herodotus,  to  be  due  to  deposits  brought  down 

^  Dr.  Bobert  Brown,  Physicfl  of  Aretic  Ice.    Quart.  Joam.  GeoL  Soo.,  toL  xxtL 
682. 
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ivere.  The  great  liistx)rian  imagined  that  the  area  in  which  is 
ited  the  Delta  of  the  Nile  was  formerly  a  deep  sea,  whioh  had 
I  gradually  filled  up  by  deposition  from  the  river,  and  many 
ogists  consider  that  it  is  under  such  conditions  that  delta-aocu- 
ations  occur.  Borings  have  been  made  in  the  case  of  the  Po  to 
feet,  in  the  (Ganges  to  481  feet,  and  in  the  Mississippi  to  680  feet, 
ogh  strata  generally  fluviatile,  having  near  the  lowest  depths 
sh  were  reached  beds  of  turf  and  other  vegetable  matter,  and 
shy  therefore,  must  at  one  time  have  formed  a  land  surface.  As 
lluTial  plain  is  situated  in  an  extension  of  a  valley,  and  a  delta 
1  extension  of  the  plain,  being  situated  in  what  is  a  continuation 
be  same  valley,  it  follows  that  the  area  in  which  the  delta- 
onulation  occurs  has,  prior  to  the  deposition,  been  excavated  by 
same  causes  which  have  excavated  the  valley,  and  these  have  been 
vn  to  be  sub-aerial.  As  deltas  and  other  evidences  of  subsidence 
ir  so  generally  near  the  mouths  of  great  rivers,  whenever  any 
.t  amount  of  sediment  is  brought  down  by  the  streams,  it  appears 
388ible  not  to  consider  that  the  depression  is  dependent  on  and 
ed  by  the  accumulation ;  that  as  layer  after  layer  of  mud  and 
[  has  been  deposited  in  the  deltas  and  neighbouring  seas,  the  con- 
t  addition  of  fresh  material  causes  by  its  weight  a  subsidence 
2h  is  generally  gradual  and  imperceptible,  but,  under  certain  con- 
•ns,  may  occasionally  occur  suddenly  and  be  accompanied  by 
iquakes,  as  in  the  basin  of  the  Mississippi  near  New  Madrid,  in 
2. 

he  production  of  Bays  has  not  unfrequently  been  attributed  to 
affects  of  waves  and  marine  currents ;  but  such  a  theory  when 
ied,  as  it  has  been  to  the  Gulf  of  Mexico,  pre-supposes  so  great 
rosive  action  as  to  have  excavated  the  land  to  depths  of  from  one 
vo  miles,  as  well  as  the  redistribution  to  some  other  locality  of 
materials  removed.  It  will  be  seen  that  in  almost  every  instance 
I  have  rivers  flowing  into  them,  and  appear  as  if  they  form  a 
inuation  of  their  valleys,  being  wide  in  accordance  with  the 
bh  of  the  valley ;  also,  contrary  to  what  might  be  expected,  the 
sr  at  least  sometimes,  as  in  the  Ganges  and  Mississippi,  becomes 
'  rapidly  deeper  where  the  deltas  are  greatest,  and  the  greatest 
ant  of  sediment  is  being  deposited.  To  account  for  their  forma- 
it  will  require  the  occurrence  of  a  subsidence  of  the  land  to  a 
ter  extent  than  the  vaUey  can  be  filled  up  by  the  sediment 
ight  down  by  the  river. 

n  Estuary  may  be  described  as  a  bay  situated  in  what  was  once 
irrow  valley  or  gorge,  and  like  a  bay  is  the  result  of  subsidence 
he  land,  by  which  the  river-bed  has  been  depressed  below  the 
Level  so  that  the  waters  fill  it  up,  in  a  similar  manner  to  what 
J8  if  an  embankment  is  constructed  across  a  similar  narrow 
ion  of  a  valley,  with  the  addition  of  the  changes  which  occur  in 
Level  of  the  water  according  to  the  state  of  the  tide, 
i  is  evident  that  the  agency  by  which  the  estuary  of  the  Mersey 
been  excavated  has  been  sub-aerial.  The  smoothed,  planed  and 
kted  surfaces  whioh  aie  found  on  each  side  of  the  vaKie^  \>^iked^ 
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the  Bonlder-olay  lead  to  the  inferenoe  that  the  more  ancient  valid; 
has  to  a  great  extent  resulted  from  the  eroding  power  of  ice;  as 
this  arctic  temperature  continued  the  land  subsided  to  a  considerable 
extent  below  ike  present  sea-level,  and  whilst  thus  submerged  the 
sand  and  clay  escaping  from  beneath  the  glaciers  were  spread  over 
what  had  become  the  bed  of  an  extensive  ice-bound  bay.  The 
climate  changing  and  the  glaciers  becoming  dissolved,  the  land,  re- 
lieved of  its  icy  burden,  became  raised  considerably  above  its  present 
level,  and  what  is  now  our  harbour  was  covered  with  a  luxuriant 
vegetation,  the  river  running  through  it  probably  as  a  narrow 
stream ;  but  as  the  sand  and  silt  brought  down  by  this  and  other 
rivers  were  deposited  in  the  bay,  and  as  the  accumulation  became 
greater,  the  influence  of  its  pressure  was  extended  more  inland,  so 
that  the  valley  on  being  depressed,  instead  of  conveying  a  small 
stream,  became  the  lateral  boundaries  of  the  present  estuary. 

There  may  be  a  difficulty  in  all  cases  of  proving  that  the  denuda- 
tion of  continents  has  been  continuous,  but  of  this  there  can  be  little 
doubt  respecting  a  large  portion  of  North  America.  Those  who 
have  perused  the  report  of  the  United  States  expedition  to  the 
Colorado  river,  will  agree  with  Prof.  Newberry  in  his  oondusions 
that  the  district  could  not  have  been  submerged  since  the  time  when 
the  waters  b^an  to  cut  deeply  into  the  Carboniferous  limestones  and 
sandstones  which  constitute  the  Colorado  plateau;  thus  forming 
those  enormous  gorges  the  Canons  of  the  Colorado,  having  perpen- 
dicular walls  from  8000  to  6000  feet  in  height.  Confirmation  of 
this  opinion  was  afforded  by  Prof.  Marsh  in  a  tour  made  last  year  in 
the  Bocky  Mountain  region,  and  along  the  tributaries  of  the 
Colorado  Kiver  in  Utah,  where  extensive  freshwater  lakes  existed 
during  the  Tertiary  Period  (Gbol.  Mag.  1871,  p.  127).  There- 
fore the  land  situated  at  the  same  height  on  the  opposite  flanks 
of  the  mountains  must  also,  during  the  same  time,  have  been  far 
above  the  sea-level,  and  must  likewise  during  the  whole  of  this  ex- 
tended period  have  been  exposed  to  denudation  from  atmospheric 
agencies  alone. 

If  the  crust  of  the  earth  formed  a  rigid  surface  so  that  neither 
elevation  nor  depression  could  take  place,  then,  instead  of  deltas 
which  represent  comparatively  a  minute  portion  of  the  enormous 
amount  which  is  known  to  have  been  removed  from  what  constitute 
the  valley  systems  of  large  rivers,  there  would  be  enormous  plains 
extending  for  hundreds  or  rather  thousands  of  miles,  when  the  areas 
exposed  to  denudation  are  so  great  as  nearly  half  a  million  of  square 
mUes  in  the  case  of  the  Canges  and  Brahmapootra,  or  nearly  a 
million  in  that  of  the  Mississippi  and  Missouri. 

Considering  that  the  formation  of  deltas  and  bays  is  the  result  of 
depression  caused  by  the  weight  of  sediment  derived  from  the  disin- 
tegration of  interior  land  surfaces  brought  down  by  rivers,  it  will 
likewise  be  necessary  to  attribute  the  extension  of  the  bays  towards 
the  ocean  to  a  previous  existence  of  the  same  causes  and  that  their 
river-systems  were  formerly  greatly  extended,  receiving  as  tribu- 
tanes  riven  which  now  empty  themselves  into  bays,  and  others 
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ftnring  OTer  land  now  submerged  to  a  great  depth,  and  which  is, 

loaiBOYer,  coyered  with  thick  deposits  forming  the  beds  on  which 

nsi  the  waters  of  these  extensive  gulfs ;  therefore  there  must  be 

now  m  progress  in  different  parts  of  the  world  formations  which 

will  at  least  rival  any  recorded  in  Britain  as  having  occurred  in 

IVJflBOzoic  times.    It  may  be  presumed  that  the  Gkinges  at  one  time 

has  extended  southward  to  IGP  or  perhaps  even  to  5P  north  latitude ; 

that  the  Mississippi  has  in  all  probability  extended  as  far  as  the 

longitade  of  Porto  Eieo.     By  the  same  reasoning  the  rivers  now 

emptying  themselves  into  the  Bay  of  Liverpool — the  Lune,  Bibble, 

Hcffsey,  Dee,  Glwyd,  and  others — will,  prior  to  the  Glacial  period, 

have  fdl  converged  and  formed  one  laxge  river  emptying  itself  into 

what  is  now  the  Irish  Sea. 

If  valleys  have  been  formed,  and  inland  areas  and  mountain  chains 
Bcolptared,  by  what  is  known  as  sub-aerial  agencies,  there  appears  to 
be  no  other  way  than  that  advanced  to  account  for  the  re-distribution 
of  the  materials  which  have  been  removed.  The  phenomena  of  the 
aociimnlation  of  material  and  of  subsidence  of  the  land  are  not 
imfreqaently  alluded  to  by  Sir  Charles  Lyell  and  others  cus  occurring 
aimnltaneously ;  but  it  appears  that  none  have  considered  that  the  one 
18  dependent  upon  the  other,  at  least  in  reference  to  the  present 
sabjeot'  If  Lyell  does  not  venture  to  associate  the  two  as  cause 
and  effect,  it  is  hardly  to  be  expected  that  this  theory  wiU  be  accepted 
without  due  consideration  ;  but  it  is  a  question  which  demands  and 
deeerves  a  careful  examination. 


VIL — ^NoTBs  ON  Eley's  Fobaminifeba  fbom  the  English  Chalk. 
By  Prof.  T.  Rupbrt  Jonbs,  F.G.S.,  and  W.  K.  Parkbr,  F.ILS.,  F  G.S. 

rB3  Foraminifera  of  the  Chalk  were  treated  of  in  Nos.  89  and 
90  of  the  Geol.  Mao.,  November  and  December,  1871,  with 
the  view  of  aiding  collectors  and  authors  in  their  arrangement  of 
these  numerous  and  puzzling  microzoa  in  their  catalogues  and 
cabinets.  We  shall  be  rendering  further  service  to  students,  if  we 
refer  them  to  the  Kev.  Henry  Eley's  clear  and  useful,  though  some- 
what hard,  drawings  of  the  Foraminifera  usually  found  in  the 
English  Chalk  and  Flint  These  were  published  in  his  "  Geology 
in  &e  Grarden ;  or,  the  Fossils  in  the  Flint  Pebbles."  8vo.  London, 
1859. 

The  nomenclature  of  the  Foraminifera  having  been  improved  of 
late  years,  we  correct  the  names  accordingly. 

pi.  ii.  figs.  3  and  4.    Flandrbulina  ammonoides^  Reuss.    Internal  casts,    p.  193. 

—  figs.  5  and  6.     Olobigerina  eretaeeoy  D'Orb.    Internal  easts,    p.  194. 

—  fig.   7.     CrUttllaria  ovalis,  Reuss.    Internal  cast.    p.  194. 

—  fig.   8.     OristelUvria  rotulata,  Lamarck.    Internal  cast.    p.  194. 

Fig.  7  has  a  few  large  se^ents,  and  is  oval;  fig.  8  has  many 
segments  and  i«  lenticular;  figs.  7  and  8  are  essentially  the  same, 
as  stated  by  Mr.  £ley,  but  are  separated  for  convenience. 

*  The  principle  is  applied  by  Sir  John  Herschel  to  the  subsidence  of  the  bed  of  the 
Pseific  Ocean  and  its  conrerse,  the  elevation  of  the  Andes  ^Physical  Geography 
{ 132).  and  also  by  Dr.  Dawson,  of  Montreal,  to  account  for  tne  dc^^iessvoii  ol  ^^ 
itratft  dmwgite  Laureatian  Period  (leisure  Hour,  1871,  page  119^ 
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pLii.  fig.    9.     T^xtilartagloMosOy'&xreribetf^,    IntenudcaBt.    p.  104. 
— >  fig.  10.    TextUaria  turrit^  D*Orb.    Internal  cast  (p.  195)  of  a  somewhat  ciDTed 
individoal  resembling  Texiilaria  pmntua^  Elir.  1854. 

—  fig.  11.    Bolivina  obsoletOy  Elej*    Internal  cast     p.  195.    A  tblckened  and 

marginate  shell.    (See  pi.  8,  f.  11). 

—  fijB^.  12.  Virgulina  parado»a^  Ehrenb.    Internal  cast    p.  195. 
pLiii.ng.  18.  Bolwina(pu$ieUUa^TyQih,}).    Internal  cast,    p.  195. 

—  fig.  14.  Bolivina  f  yel  TextUaria  f    Section,    p.  195. 

—  fig.  15.  Spiropketa  rwrulOf  Ehrenb.    Section,    p.  196.  « 

—  fig.  16.  Planulina  ariminmnt^  I)*Orb.    Internal  cast.    p.  196. 

—  fig.  17.  Flanorbtdina  f  Tomig.    Section,    p.  196. 

-^  fig.  18.  Flabellina  rugosOy  D^rb.    Internal  cast    p.  196. 

pi.  iv.  fig.  19.  Frandicuiaria  Archiaeiana,  D*Orb.    Intemu  cast.    p.  197. 

—  fig.  20.  Frondieularia  angul&sa,  D*Orb.  rar.    Internal  cast    p.  197. 

—  fig.  21.  Dentalina  eammunit,  D'Orb.    Cast.    p.  197. 

—  fig.  22.  VemeuUina  triquttra,  Miinster.    Cast    p.  197. 

—  fig.  23.  Nodotaria  raphamtSj  Lin.  yar.  Zippei,  Benasw    Cast    p.  198, 
pL  v.fifs.  24.26.jSo^ta  umbilieata,  B'Orb.    Internal  casts,    p.  198. 

—  ng.  27.  IWrtfMf/tMa  MieheHniaruif  D'Orb.    Internal  cast,  fragment    p.  198. 

—  fig.  28.  Botalia  umbiHeatOy  D*Orb.  rar.    Internal  cast.    p.  198. 

—  fig.  29.  Btdimina  variaMis,  D*Orb.    Cast    p.  198. 

—  fig.  80.  Bulimina  intermedia,  Benss.    Internal  cast    p.  199. 

— ^  fig.  31.  VemeuUina  iriquetroy  Miinster.    Internal  cast    p.  199. 

pL  vi.  fig.  33.  Dentalina  communisy  D*Orb.     Section,    p.  199. 

—  fig.  34.  Textilaria  troehutj  D'Orb.  (Narrow  rar.)    Broken  cast    p.  109. 

—  fig.  35.  BotaUa  umhUieata^  B'Orb.  yar.    Internal  cast    p.  200. 

—  fig.  36.  Vemeuilma  triguetra,  Miinst  Tar.  between  iriguetra  and  ppgnteta. 

Internal  cast    p.  200. 

—  fig.  37.    Gaudryina  rugoaa^  D*Orb.    Cast,  broken,    p.  200. 

—  fig.  38.     VemeuiUna  triquetra^  Miinst.  yar.  between  triguetra  and  p^fgwuea. 

Internal  cast.    p.  200. 
pi.  yii.  fig.  39.    Very  minute  flint  casts  (dnst),  from  the  inside  of  a  ffint  nodnle,  show- 
ing sectional  views  of  Textilaria  globulosOf  Flanorbtdina  ammonoidee^ 
Criatellarxa  rotulata,  and  separate  chambers  of  Olobigerina.    p.  201. 

—  fig.  39  C  Chalk    dost,    showing    Textilaria   glohuloea^    Olobigerina    eretaeea, 

FolgmorphinOy  Flanorbulina  ammonoides,  and  Spicules,    p.  201. 
pi.  yiii.  fig.  3  C  4  C.  A.  C.  Flanorbulina  ammonoidea,  Beuss.    p.  202. 

—  fig.    5  C.     Globigerina  marginata,  Reuss.     p.  202. 

—  fig.    6(7.    Globigerina  eretaceajD'Oth,    (With  a  tendency  towards  G'?.  MZotitirt, 

D'Orb.)    p.  202. 

—  fig.    7  C,  Cristellaria  rotulata.  Lam.    Produced  or  elongated  yar.    p.  202. 

—  fig.    8  C.  CristeUaria  rotulata,  Lam.    Lenticalar  yar.    p.  202. 

—  fig.  10  a  TextUaria  turris,  D'Orb.    p.  202. 

—  fig.  11  (7.  Bolivina  obeoleta,  Eley.     p.  202. 

—  fiy.  12  C,  Virgulina  paradoxa^  Ehrenb.     p.  202, 
pi  ix.  fig.  9  a  Textilaria  globiUosa,  Ehrenb.     p.  202. 

—  fig.  15  0.  Spiropleeta  rosula,  Ehrenb.    p.  202. 

—  fig.  16  C,  Flanulina  ariminentie,  D'Orb.    p.  202. 

—  fig.  18  C.  Flabellina  rugoea,  D'Orb.    p.  202. 

—  fig.  20  C.  Frondietflaria  angulosa,  D'Orb.  yar.    p.  202. 

—  fig.  23  C.  Nodotaria  raphanus,  Linn.    p.  202. 

—  fig.  38  0,  VemeuUina  triquetra,  MiLnst    p.  202. 

Plates  viii.  and  is.  represent  the  perfect  shells,  casts  of  which  are 
figured  in  the  other  plates  under  corresponding  numhers. 

Plate  X.  contains  some  illustrations  of  recent  Foraminifera  (see 
pp.  188  and  202).  Thus  figs.  41  and  42  are  young  Batalia  Beccarii, 
of  the  feeble  variety  that  lives  in  estnarine  and  sKb^brackish  waters. 
Its  shell  is  thin,  and  its  chambers  are  not  so  compactly  fitted  together 
as  in  the  well-grown  individuals  inhabiting  deeper  sea-water.  Mr. 
Elejr'B  drawings  represent  the  pseudopodia  fr^y  exaerted.    Fig.  43 
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ibows  the  body  (saroode)  of  the  animal  without  the  shelL  ilg.  44 
u  the  empty  shell,  as  a  transparent  object ;  the  carved  edge  of  the 
ihell  is  darker,  being  seen  vertically,  and  falsely  appears  like  a 
thickened  margin.  A  membranous  oval  pedunculated  sao  is  attached 
to  one  of  the  chambers ;  whether  this  is  parasitical,  or  belongs  to  the 
animal  as  a  germ-sao,  is  unknown.  Such  a  sao  has  been  observed 
in  other  instances,  recent  and  fossil,  by  Ehrenberg.  Fig.  45  re- 
presents a  Bolivina  punctata,  seen  by  transmitted  light.  Here  also 
the  vertical  thickness  of  the  edge  is  less  transparent  than  the  flat 
walls  of  the  shell,  and  at  first  sight  looks  like  a  fringed  border,  but 
the  author  fiilly  explains  it  at  p.  203. 

Mr.  Eley's  Httle  book — ^whence  these  abstracts  have  been  taken — 
has  been  to  many  an  excellent  introduction  to  the  study  of  geology, 
and  oontains  useful  and  well-arranged  interesting  information  about 
allimiuny  Post-tertiary,  Tertiary,  and  some  Cretaceous  strata.  The 
appendix  is  devoted  to  a  natural  history  .consideration  of  the  Microzoa> 
Sponges,  and  other  fossils  of  the  Chalk,  and  is  illustrated  by  several 
plates.  PL  L  gives  Inoceramus  prisms  and  various  Sponge  Spicules ; 
plates  iL  to  iz.  contain  the  Foraminifera  found  in  the  Chalk  and  its 
flint  (pseudomorphic  chalk) ;  pi.  x.  has  some  recent  Foraminifera  and 
a  Xanthid  and  a  Fish-scale  from  the  Chalk ;  plates  xi.  and  xii.  repre- 
sent miscellaneous  Chalk  fossils,  chiefly  in  flint, 

We  may  add  that  the  flint  casts  of  Planorhtdina  ammonoideSf  above 
mentioned  (pi.  iL  figs.  3  and  4),  are  comparable  with  the  exquisitely 
engraved  ^ures  in  ManteU's  plate  xxi.  '*Philo8.  Transact."  1846, 
where  the  Molluskite  casts  and  the  shells  of  small  FlanorhuUncB  are. 
carefully  drawn.  These  belong  to  varieties  between  PL  ammonaideB 
and  PL  ariminemis,  both  Cretaceous  and  recent.  Compare  also  fig. 
29,  in  pi.  ii.  of  Prof.  Williamson's  memoir  "  On  some  miscroscopical 
objects  from  the  Levant,"  etc.,  in  the  Manchester  Lit.  Phil.  Soc. 
Mem.,  vol.  viii.,  1847.  This  is  the  early  (central)  portion  of  PL 
Mediterranensis, 

Foraminifera  from  the  Chalk  of  the  South-^ast  of  England,  figured 
hy  the  Bev.  Henry  Eley,  1856. 

1.  Nodomria  rapkantu,  Linn. 

2. Tar.  Zippei,  ReiUB. 


8.  J)entali$M  eommunity  D'Orb. 

4.  Frondicularia  Archiaeiana^  D'Orb. 

6, ■ anguloaa^  D'Orb.  ?ar. 

6.  FlaheUina  rugoaa,  D'Orb. 

7.  Oriitellaria  rotulata^  Lam. 

8.  ovalia,  Reoss. 

9.  Folymorphina,  sp.  P 

10.  BlUimina  variabilia^  D'Orb. 

11.  intermedia^  Renss. 

12.  Bolivina  punctata,  D'Orb.  P 

13.  '    obsoMa,  Eley. 

14.  Virgulina  paradoxa,  Ebrenb. 

15.  TestilaYia  globuloaa,  Ebrenb. 
le.  tmri3,  D'Orb. 

17.  trochm,  D'Orb. 

18.  Spinypleeta  rosula,  Ebrenb. 

19.  Gaudryina  rugota,  D'Orb. 
30.  V^m^m'/ma  iriguetraf  Miinst, 
21, Far. 


>    1,  NODOSABIKA. 


2.   FOLTXOBPHINA. 


^    3.  BULDONA. 


►    4.  TSXTILABIA. 


J 
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t»  tf»»»«ri.«  «r>toA>^  D'Orb  \    6.  GLOMOBunrA. 

^  ^..:.^— — >  margtnata,  Beuss.  j 

^  IWn'fiM/tna  Miehdiniima^  IKOrb.  7.  PuLYHfULiNA. 

41,  iM«Mi  umbilieata,  B'Orb.  8.  BoxALiiL. 


32TOa7IOES      OIF      TwI-RIMIOIiRS. 

I. — Geology  of  New  Hampshibe. 

IN  1668  a  (geological  Survey  of  the  State  of  New  Hampahire,  IJ.S.A.y 
was  ordered  by  the  L^slature.  C.  H.  Hitchcock  was  ap- 
C tinted  Director ;  J.  H.  Huntington,  G.  L.  Yose,  (Geological  Assia- 
ntH ;  0.  A.  Seely,  Chemist ;  and  Arthur  M.  Edwards,  DiioroBCopist 
Three  brief  annual  reports  of  progress  have  been  made,  amounting 
In  the  aggregate  to  155  pages  octavo,  with  two  maps ;  the  first  of 
the  Ammonoame  Oold  Fields  and  the  second  one  of  tlie  whole  State, 
upon  the  scale  of  ten  miles  to  the  inch,  designed  to  show  the  distri- 
bution of  granite  and  the  progress  of  triangulation  for  the  year  1870. 
The  latter  map  shows  nine  geological  distinctions. 

The  work  performed  has  been  geological,  topographical,  and  me- 
teorologicaL  As  no  good  maps  existed,  the  first  object  aimed  at  was 
the  determination  of  the  exact  geodetical  points  by  triangulation. 
Using  the  stations  of  the  Coast  Survey  for  a  basis,  E.  T.  Quimby  and 
G.  L.  Yose  made  satisfactory  progress  in  establishing  the  latitudes  and 
longitudes  of  several  prominent  mountain  peaks.  The  former 
gentleman  is  continuing  the  work  under  the  direction  of  the  United 
States  C!oast  Survey,  who  are  authorized  by  Congress  to  expend  funds 
for  triangulation  in  all  interior  States  where  (^logiced  Surveys  are 
in  progress.  A  new  map  of  the  whole  State,  upon  the  scale  of  two 
miles  and  a  half  to  the  inch,  which  will  serve  as  the  basis  for  the 
geological  delineation,  is  nearly  ready  for  the  engraver.  Models  of 
the  White  and  Franconia  Mountains  have  been  executed  in  plaster, 
upon  a  large  scale. 

The  second  report  gives  a  general  classification  of  the  rocks.  The 
geology  of  this  State  is  so  intricate  that  no  one  has  ever  attempted  to  map 
the  formations.  Maps  of  the  northern  part  of  the  Continent,  such  as 
Logan's,  leave  this  territory  entirely  blank,  unless  they  be  on  a  minute 
Boele  like  Lyell's,  or  E.  Hitchcock's  maps  of  the  United  States  (1853), 
where  it  all  appears  as  **  Primary."  It  has,  however,  been  the  field 
for  conflicting  theories.  We  have  first  the  ancient  idea  of  a  central 
granitic  nucleus,  illustrated  by  Jackson's  Eeport  and  all  earlier  writers. 
Bucoeeding  this  came  a  general  belief  that  the  gneisses  and  granites 
were  *'  Primary."  Subsequently  most  American  geologists  adopted 
the  theory  that  the  New  England  gneisses  were  all  metamorphosed 
PalflBOzoio  strata ;  and  Logan,  Sterry  Hunt  and  J.  P.  Lesley  are  on 
reoord  as  affirming  the  rocks  of  the  White  Mountains  to  be  Devonian. 
Tie  researches  of  the  present  Survey  indicate  a  return  to  the  older 
t  these  rocks  are  largely  Eozoic.  The  discoveries  of  the 
T  (1871),  not  yet  reported,  seem  to  confirm  the  anticipations 
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of  the  printed  statements.  Without  giving  the  reasons  for  new 
TiewB,  the  following  may  be  presented  as  the  probable  ages  and 
anangements  of  these  metamorphic  groups. 

First,  of  Laurentian  age,  is  a  oenlral  and  interrupted  area  of  Por- 
{ihjritio  gneiss  and  granite.  This  is  flanked  in  the  more  southern 
eonnties  by  wide  bands  of  gneiss,  having  similar  mineralogieal 
characters  upon  both  sides,  eaeh  capable  of  satisfactory  subdivision. 
Next  oome  several  isolated  patches  of  the  Labradorian  group  of  the 
Canada  Survey,  or  the  Norian  ^  of  Hunt,  characterized  chiefly  by  the 
presenoe  of  the  mineral  labradorite,  now  for  the  first  time  discovered 
HI  <sY4  in  New  England.  An  extensive  compound  of  labradorite  and 
dujBolite  has  received  the  name  of  Ossipyte,*  An  extensive  series  of 
felsites,  granites  and  jaspers  seem  to  belong  nearly  to  this  period. 
Next  18  a  large  amount  of  Andalusite  gneiss,  found  both  among  the 
White  Mountains  and  in  the  southern  districts.  This  has  been  re- 
ferred to  the  "  White  Mountain  Series,"  or  the  Lower  Cambrian,  by 
Dr.  Steny  Hunt,  in  his  Address  before  the  American  Association  for 
the  Advancement  of  Science,  1871.  It  seems  to  be  stratigraphically 
distinGt  from  the  Norian  rocks,  though  not  so  easily  separated  from 
the  supposed  Laurentian  gneisses.  All  the  rocks  thus  far  mentioned 
axe  clearly  Eozoic,  and  unconformably  underlie  all  the  others. 
Apparently  the  lowest  of  the  Palasozoic  division  is  the  series  of  slates 
and  schists,  to  which  the  name  of  Cods  group  has  been  given  in  the 
second  report  This  is  synonymous  with  Hunt's  Terranovan  series 
in  part,  by  him  referred  to  the  base  of  the  Silurian.  In  New  Hamp- 
shire this  group  contains  the  minerals  andalusite,  staurolite,  and  syenite 
in  great  abundance ;  or  silicates  of  alumina  without  alkalies.  A 
gieat  band  of  it  lies  along  Connecticut  river  for  over  a  hundred 
miles,  invariably  resting  upon  the  edges  of  the  Eozoic  gneisses.  Its 
stratigraphical  relations  were  determined  before  the  suggestion  of  the 
term  Terranovan.  A  band  of  mica-schist  and  quartzites  along  the 
Merrimack  river  must  be  of  nearly  the  same  age.  This  "  Merrimack 
group "  occasionally  carries  andalusite  schists,  and  crops  out  upon 
Mounts  Pequawket  and  Washington.  Next  come  the  green  schists 
usually  called  talcose,  and  the  equivalent  of  the  metamorphic  portion 
of  the  "  Quebec  Group  "  of  Sir  W.  E.  Logan.  This  is  found  along 
Connecticut  river,  widening  in  the  extreme  northern  part  of  the  State. 
Becently  Credner,  Macfarlane,  and  Hunt  have  referred  this  talcose 
band  to  the  Huronian  of  Logan,  which  is  probably  Eozoic.  Scattered 
over  this  Quebec  area  are  several  patches  of  clay -slates ;  two  of  the 
"Calciferous  Mica  Schist**  of  the  Vermont  Reports,  and  one  of  Helder- 
berg  limestone  (Devonian),  with  fossils.  The  slates  are  allied  to  the 
"  Gaspe  slates  "  of  Canada,  which  are  thought  to  be  Upper  Silurian. 
Logan  refers  the  mica-schists  to  the  same  age. 

New  Hampshire  furnishes  a  fine  field  for  the  study  of  the  mark- 
ings left  during  the  Glacial  period.  Transported  boulders  have  been 
discovered  5,800  feet  above  the  sea-level  upon  Mount  Washington. 
The  striiB  at  5,200  feet  course  south-easterly,  and  indicate  that  the  ice 
moved  up  and  over  the  peaks.     In  other  parts  of  the  State  the  strin 

^  Amar.  Jonm.  Ba.,  iL,  vol  jUx,,  p.  180,         *  Ibid.,  iii.,  vol.  in.,  i^.  \d. 
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seem  to  have  followed  the  diieotions  of  the  greater  yalleys,  whether 
east,  south-east,  south,  or  S.  20^  W.  Along  the  sea-shore  are  marine 
deposits  of  the  Ghamplain  or  Post-Pliooene  period. 

The  meteorologioal  work  oonsisted  in  the  establishment  of  an  ob- 
servatory, during  the  winter  of  1870-71,  upon  the  summit  of  Mount 
Washington,  6293  feet  above  the  sea,  the  station  being  subaequenify 
adopted  by  the  "  Signal  Service  of  the  War  Department  **  of  the 
General  Government  The  experiences  of  the  party  resembled 
greatly  those  reported  by  explorers  in  the  Arctic  swne.  The  observa- 
tions were  reported  daily  for  the  press,  and  have  been  printed  in  the 
Geological  Report  for  1870,  as  well  as  a  popular  account  of  the 
writer's  experiences,  entitled  ''Mount  Washington  in  Winter."  Boston. 


n. — ^NOTES    ON  THB  GeOLOOT  AKD  MiNEBALOOT  OF    THE  IsLAHD  OV 
LuNDY.       By  TOWNSHEND  M.   ELOiL,   F.G.S. 

[TraiiBactions  of  the  Deyonshire  AssociAtion  for  1871.] 

REFEBBING  first  to  previous  geological  observations  on  the 
Island,  the  author  then  describes  its  Physical  Geography  and 
Geological  Structure. 

The  principal  part  of  Lundy  Island  is  composed  of  granite^  the 
south-eastern  comer,  however,  consists  of  slate.  In  their  petrological 
characters,  as  well  as  in  their  general  appearance^  these  sUvery  slates 
closely  resemble  those  of  Ilfracombe  or  Morthoe  in  the  North  Devon- 
ian group.  Judging,  however,  from  the  general  east  and  west 
strike  of  the  North  Devon  series,  these  Lundy  Island  slates  would 
naturally  come  on  the  horizon  of  either  the  PUton-beds  (uppermost 
Devonian),  or  the  Carboniferous  shales  (or  Culm-measures)  of  the 
mainland,  which  Mr.  Hall  regards  as  occupying  a  position  between 
tlie  Devonian  and  the  Millstone  Grit.  No  fossils  having  hitherto 
been  discovered  in  Lundy,  it  is  found  most  difficult  to  prove  to  which 
of  the  two  systems  the  slates  should  be  referred,  especially  as  in 
North  Devon  the  two  great  systems  (as  Mr.  Hall  remarks)  pass  quite 
insensibly  one  into  the  other,  without  any  distinct  line  of  separation 
between  them — a  is^t  of  great  importance  in  the  grand  Devonian 
question. 

That  the  slates  of  Lundy  existed  before  the  intrusion  of  the  granite 
is  shown  by  the  very  abrupt  manner  in  which  they  are  cut  off  by  it 
The  granite  is  generally  similar  to  the  other  isolated  masses  of  the 
same  rock  in  the  west  of  England.  Schorl  is  not  abundant  as  a 
component,  but  there  are  occasionally  thin  irregular  veins  of  a  fine 
grained  granitic  substance  (eurite?)  traversing  the  rock.  Many  years 
ago  the  Bev.  D.  Williams  described  the  granite  of  Lundy  as  occupy- 
ing a  dyke  having  a  north-east  and  south-west  direction,  having  a 
similarity,  as  regards  mode  of  occurrence,  to  the  little  patch  of 
granite  or  syenite  which  Mr.  Leonard  Homer  first  point^  out  at 
Hestercombe,  near  Taunton,  69  miles  distant.  These  granites  are 
therefore  different  from  the  ''  domes"  or  larger  masses  in  Devon  and 
GomwalL  Mr.  Hall  discusses  the  connection  which  has  been  sup- 
posed to  exist  between  these  two  granitic  dykes.    Their  eruption  he 
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oonsideTB  to  have  taken  place  since  the  deposition  of  the  Carbon- 
iferous strata. 

Another  feature  in  the  geology  of  Lundy  is  the  occurrence  of  intru- 
Bve  dykes  of  greenstone,  which  penetrate  both  the  granite  and  slate. 

Mr.  Hall  gives  also  a  list  of  the  minerals  found  in  the  Island.  In 
flto  granite  there  occur  Beryl,  Felspar,  Fluor,  Garnet,  Mica,  Rock 
Ciystal,  and  Schorl.  In  the  slates  are  found  Blende,  Towanite, 
Magnetite,  Quartz,  and  a  Zeolite.  H.  B.  W. 

TTL — ^LisT  OF  Minerals  found  in  Somebsetshibe. 

By  HoRAOB  B.  Woodward,  F.G.S. 
films  sabjoined  list  of  minerals  occurring  in  Somersetshire  is  chiefly 
JL  compiled  from  "  Bristow's  Glossary  of  Mineralogy  ; "  **  Hall's 
Mineralogist's  Directory ; "  a  MS.  Catalogue  of  Minerals  from  West 
Somerset,  by  S.  G.  Perceval,  preserved  in  the  Taunton  Museum ;  the 
publications  of  the  Geological  Society  of  London,  etc.  It  may  per- 
haps prove  useful  to  local  observers.  H.  B.  W. 

Ahlititw Rhatie,  Keuper,    Watchet;  Near  Somerton. 

Aaiethyit Dolomitie  Conglomeratic  Near  Bristol,  Cheddar. 

Angooite*  ....    Keuper^  Devoniany  Broomfield,  Near  Cutoombe,  Blue  Anchor, 

Taanton. 

Bnytei Lias,  Harptree.    Keuper,  Mountain  Zimsitone,  01e?edon,  Dol- 

berry,  Watchet,  Nether  Stowey,  Doddington. 

Bonite Broomfield. 

Calamine Dolomitie  Conglomerate^  Mountain  Zimetton$f  Mendips,  Broad- 
field  Down. 

Cakite Faatim, 

Cdestine Oolite^  Collier's  Lane,  near  Bath.    Keuper,  Bedminster,  Chew 

Magna,  Wells,  Blue  Anchor,  Watchet. 

°tti^*bon^C}  ^«'«»»'"'' =™'~'' B^'i'J""'- 

Che«j1ite   ....    Devonian  (?),  Doddington,  Nether  Stowej. 

Copper Broomfield,  Button,  Near  Wookey  Hole. 


Oolite,  Liasj  Shietie,  Dolomitie  Conglomerate,  Mountain  Lime- 


Copperai Fuller**  Earth,  Widcombe. 

Galena ) 

(Arj^entiferons)    ]     atone,  Mendips,  Broadfield  Down.     Devonian,  Treborough. 

G6Uute Near  Bristol.    Devonian,  Exmoor,  Raleigh's  Cross. 

Hemitite Mountain  Limestone, 'HLqu^-^,    i^evofttan.  Main  Down,  Brendon, 

Porlock. 

Leadhfllite  ....    Devonian  (P),  Kingston,  near  Taunton. 

limonite Mountain  Limentone,  Mendips.     Devonian,  Brendon,  Exmoor. 

Malachite.  ....    Devonian  {}),  Doddington,  Nether  Stowey. 

Manganeae ....    Mountain  Limestone,  ShutsheWe,  Wookey  Hole,  Near  East  Harp- 
tree.     Devonian,  Raleigh's  Cross. 

Mannnite  ....    Near  Bristol,  Mendips,  Churchill,  etc. 

Mciidipite   ....    Churchill. 

Mimetene Near  Blagdon.     (Mr.  R.  H.  Yalpy,  F.G.S.) 

Fdlomelane.  .  .  .    Mendips.    Devonian,  Brendon. 

Pyrites Passim, 

Quarts Passim. 

Bock  Salt.  ....    Pseudomorphous  crystals.    Shatie,  Keuper,  Wells. 

Seleoite Lias,  Hhatie,  Passim, 

Smithsonite  .  .  .    Mountain  Limestone,  near  Bristol,  Mendips,  Shipham,  etc. 

Specular  Iron  Ore    Devonian,  Raleigh's  Cross. 

wnlfenite  (?}...    ChurchUl. 

*  ** Drift  Deposits  of  Manchester  and  its  Neighbourhood."— Manchester  Literal^ 
ad  Philosophical  Society's  Memoirs,  rol.  riii, 

JOL.  rr, — jro.  xcju,  ^ 


130  BeviewB — O.  Poulett  Scrcp^s^  Volcanos. 

L — ^YoLOAKOB :  The  Chabaoteb  of  theib  Phenomena,  their  share 
in  the  Btmcture  and  composition  of  the  surface  of  the  globe, 
and  their  relation  to  its  internal  forces,  with  a  descriptive 
Gatalogae  of  all  known  Yolcanos  and  Volcanic  Formations. 
By  Q.  Poulett  Scbopb,  F.R.S.,  F.G.S.,  etc.,  etc.  Be-issub 
OF  the  Seoonb  Edition  with  Pbefatobt  Eekabks,  and  a 
List  of  Beoent  Eabthquakes  and  Eruptions.  Sva  pp.  538. 
London:  1872. 

THE  author  of  this  grand  work  of  reference,  finding  that  a  larger 
number  of  copies  of  the  Second  Edition  (publuhed  in  1862) 
had  been  printed  than  were  as  yet  disposed  of,  determined  to  preface 
the  re-issue  of  the  remaining  copies  with  a  short  notice  of  the 
speculations  put  forward  by  various  writers  during  the  past  ten 
years ;  and  also  to  append  a  list  of  the  most  important  earmquakea 
and  eruptions  of  various  degrees  of  intensity  which  have  occurred  in 
the  districts  habitually  subject  to  similar  occurrences. 

On  the  subject  of  the  ''  Assumed  igneous  fluidity  of  the  interior 
of  the  Olobe "  Mr.  Scrope  remarks,  ''  in  the  first  place,  that  these 
speculations  are  based  on  d  priori  conjectures,  not  on  any  recorded 
facts,  and  belong  moreover  to  the  province  of  Astronomy  rather  thau 
of  G^eology.  Secondly  (he  says),  I  earnestly  protest  against  the 
assertion  of  some  writers,  that  the  theory  of  the  present  internal 
fluidity  of  the  globe  is  or  ought  to  be  generally  accepted  by 
geologists,  on  the  evidence  of  its  high  internal  temperature."  Mr. 
Scrope  proceeds  to  point  out  that  the  idea  "  that  a  molten  interior  to 
the  globe  underlies  a  thin  superficial  crust,  its  surface  agitated  by 
tidal  waves,  and  flowing  freely  towards  any  issue  that  may  here  and 
there  be  opened  for  its  outward  escape,"  is  an  attractive  and  sen- 
sational one,  but  cannot  be  supported  by  reasoning  based  on  any 
ascertained  facts  or  phenomena.  Mr.  Scrope  proceeds  to  express  his 
opinion  that  we  must  give  up  the  idea  of  a  liquid  interior  to  oui 
earth,  as  unsound,  and  substitute  therefor  the  theory  of  the 
existence  of  liquefied  matter  "  in  pockets  or  vescicles  here  and  there 
at  varying,  but  still  moderate  distances  from  the  outer  sur£iEM)e." 
"This  view  of  the  complete,  or  almost  complete,  solidity  of  the 
subcortical  mass  of  the  globe  (he  adds),  is,  I  think,  rendered  stiU 
more  probable  when  we  consider  the  enormous  pressure  to  which 
every  portion  of  the  heated  interior  must  be  subjected,  not  merely 
from  the  weight  or  contraction  on  cooling  of  the  outer  belt,  but  stiU 
more,  perhaps,  from  the  vast  internal  tension  of  its  every  part, 
owing  to  the  tendency  to  expansion  caused  by  its  intense  heat,  and 
this  whether  that  part  be  in  a  solid,  fluid  or  gaseous  state.  More 
assuredly  will  this  be  the  case  if  we  suppose,  as  we  reasonably  may, 
that  at  least  the  first  layers  of  matter  immediately  underlying  the 
external  crust  consist  of  the  same  crystalline  or  granular  mineral 
substances  (chiefly  felspathic  silicates)  which  constitute  the  lowest 
known  rocks,  granitoidal  or  porphyritic,  portions  of  which  in  every 
~%rt  of  the  globe  are  known  to  have  ioioed  tVx^ix  way  upwards  in  a 
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more  or  less  liquefied  state^  and  at  an  intense  temperature,  through, 
the  overlying  stratified  masses.  These  rocks  are  found  on  examination 
to  contain  a  considerate  quantity  of  water  disseminated  through 
them  interstitially  or  in  minute  cavities ;  and  it  is  obvious  what  an 
amount  of  internal  elasticity  or  tension  must  be  communicated  to 
such  a  mass,  at  its  certainly  high  temperature,  by  the  tendency  of 
ttiese  minute  particles  of  water  to  expand  into  vapour.*^ 

The  theory  of  pockets  or  cavities  in  the  earth's  crust  filled  with 
molten  matter  at  an  exceedingly  high  temperature,  is,  we  believe, 
open  to  as  grave  difSculties  as  is  the  theory  of  a  fluid  interior.  We 
think,  however,  it  has  rather  been  assumed  that  geologists  do  believe 
in  a  fluid  interior  with  a  moderately  thick  solid  crust 

Mr.  Scn^  has  himself  cleaiiy  pointed  out,  that  even  highly 
liquid  lava  is,  when  ejected,  rather  of  the  condition  of  thick  molasses 
(solidifying  rapidly  upon  yielding  up  its  molecules  of  steam),  than 
of  a  freely -flowing  liquid  body. 

Any  nK)lten  matter,  therefore,  which  may  exist  in  the  interior  of 
the  earth,  is  doubtless,  under  such  pressure,  ihat  even  this  moderate 
d^ree  of  fluidity  is  impossible,  save  where  that  pressure  is  locally 
alleviated  by  earthquake  movements  and  the  opening  up  of  fissures 
in  the  crust  consequent  thereon.  How  then  could  tnial  movements 
take  place? 

The  strongest  argument  to  our  mind  in  favour  of  a  common  source 
for  all  volcanic  matter  7— we  care  not  at  what  depth  Sir  William 
Thomson  places  it  beneath  the  solid  crust  of  the  earth — is  that 
brought  forward  by  Mr.  David  Forbes,  F.R.S.  (see  Geol.  Mag., 
1868,  Vol.  v.,  p.  97),  in  reply  to  the  views  of  Dr.  T.  Sterry  Hunt, 
"That  volcanic  rocks  taken  from  any  quarter  of  the  world,  no 
matter  how  far  distant  from  one  another — from  Iceland  or  Tierra 
del  Fuego,  from  the  Islands  of  the  West  Indies,  or  from  those  of 
Polynesia — that  in  all  cases  such  rocks  possess  an  absolute  identitij 
in  chemical  and  mineralogical  composition,  in  physical  and  optical 
properties :  can  any  geologist  be  expected  to  believe  that  such  rocks 
have  been  formed  by  the  melting  up  of  a  mere  mechanical  aggregate 
of  rock-debris,  possessing  no  analogy  whatsoever,  and  whose  diemictd 
composition,  etc.,  is  known  to  vary  to  the  widest  imaginable  extremes." 

The  limits  of  our  space  preclude  us  from  giving  a  more  detailed 
notice  of  the  valuable  prefatory  observations  appended  to  this  re- 
issue of  Mr.  Poulett-Scrope's  "Volcanos":  a  work  which  must 
always  remain  the  standard  book  on  this  branch  of  geological  inves- 
tigation ;  but  we  hope  in  a  future  number  to  be  able  to  refer  agaiti 
to  some  other  points  touched  upon  by  the  learned  and  accomplished 
author. 

XL — Rudiment ARY  Treatise  on  Geology.  [Partly  based  on 
Major-Gen.  Portlock's  Rudiments  of  Geology.]  Part  I. — 
Physical  Geology.  By  Ralph  Tate.  8vo.,  pp.  215.  (Lock- 
wood  k  Co.     1871.) 

SINCE  the  first  edition  of  Portlock's  Treatise  on  Geolog;y  \^t\.^ 
published  twenty  years  have  elapsed.      The  work  Nvaa  NCir^ 
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popalar,  and  a  third  edition  was  publislied  in  1854.  In  bringing 
out  the  present  edition  Mr.  Tate  tells  us  that  it  has  been  found 
necessary  to  re- write  the  work,  and  he  has  divided  it  into  two  parts, 
the  one  entitled  '*  Historical  Gteology,"  a  new  and  independent  trea- 
tise ;  the  other,  which  is  now  before  us,  entitled  ''  Physi^  G^logy," 
containing  some  portion  of  the  letter-press  and  many  of  die  illustra- 
tions of  Portlook's  work.  Comparing  this  with  our  old  volume  of 
Portlock,  the  third  edition,  we  find  that  great  improvements  have 
been  made  by  additions  and  alterations,  necessitated  by  the  progress 
of  geology,  but  there  nevertheless  remains  so  much  of  the  original 
work  that  we  are  at  a  loss  to  understand  why  Mr.  Tate  did  not  in 
this  volume  adopt  the  more  modest  title  of  Editor  rather  than  that  of 
Author.  We  do  not  find  fault  with  the  book,  but  we  think  that 
sufficient  justice  has  hardly  been  done  to  Major-Qeneral  Portlock. 
Mr.  Tate  has  made  many  additions  to  the  physical  part,  while  that 
section  which  relates  to  palaeontology,  the  fossilization  of  plants  and 
animals,  and  their  geographical  distribution,  hais  received  important 
modifications.  We  can  recommend  it  as  a  useful  introduction  to 
the  more  advanced  Manuals  of  Jukes  and  Qeikie  or  Dana.  For,  as 
Jukes  remarked  many  years  ago,  in  the  preface  to  his  ''Popular 
Physical  Geology,"  there  can  hardly  be  too  many  elementary  books 
which  are  the  results,  more  or  less  completely,  of  actual  experience, 
and  not  the  mere  compilation  and  compression  of  other  books.  Not 
because  any  of  them  would  contain  a  large  amount  of  matter  not  to 
be  found  in  all  the  rest,  but  because,  by  ihe  different  order  and 
arrangement  of  the  different  writers,  the  matter  may  be  looked  at  on 
all  sides  and  in  every  light  Thus  we  are  glad  to  see  this  new 
edition  of  Portloek's  useful  little  Treatise  on  Geology. 


HI. — Qeologigal  SuKyKY  or  England. 

WE  are  happy  to  announce  the  publication  of  the  new 
edition  of  Sheet  7  of  the  Geological  Survey  Map  of 
England,  showing  all  the  Drift  deposits,  on  the  scale  of  one 
inch  to  a  mile.  For  some  time  past  we  have  been  looking  for- 
ward to  the  completion  of  this  map,  and  we  must  now  congratu- 
late the  Survey  on  this  first  issue  of  the  Drift  maps.  A  glance  at 
the  old  edition,  comparing  it  with  this  new  one,  shows  at  onoe  the 
great  utility  of  mapping  all  the  superficial  deposits,  for  not  only 
have  they  a  high  economic  value,  but  in  their  relations  to  drain- 
age and  health,  an  inquiry  which  we  are  glad  to  observe  is  attracting 
public  attention,  their  importance  cannot  be  over-estimated. 

The  area  comprised  in  this  sheet,  about  800  square  miles,  indades 
the  western  part  of  London.  It  is  bounded  on  the  east  by  Homsey 
and  Enfield ;  on  the  north  it  takes  in  Hatfield  Park,  St.  Albans, 
Hemel  Hempstead,  Great  Berkhampstead,  and  Wendover ;  on  the 
west  it  extends  beyond  Princes  Risborough,  Great  Marlow,  and 
Twyford  in  Berkshire ;  while  to  the  south  it  includes  Windsor  and 
the  Great  Park,  Staines,  Twickenham,  Wimbledon  Park,  and 
DulwiclL 
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Tie  geology,  originally  surveyed  aad  published  in  18G1,  included 
tt»  Gault,  Upper  Greensand,  Olialk,  Reading-beds,  London-clay, 
Ltnrer  Bagshot-beda,  the  Thames -valley  gravel  and  Alluvium, 
llie«e  wrere  mapjied  by  Messrs.  H.  Bauerman,  W,  Whitaker,  T.  li. 
Polwbele,  and  R.  Tmich.  Some  revision  of  this  work  baa  now 
teen  made  by  Messta.  H.  W.  Eristow  aiid  W.  Whitaker. 
The  Drift  deposits,  which  are  the  important  Teiiturea  of  this  new 
ap,  are  as  follows  : 

Dry  valley  flint  Gravel.     Rainwash. 
Biver  Gravel  and  Brick-eartb. 
CTay- with- flints. 
Brick-earth. 

SL'l^r'^d^Sand  j  ^^^■'''  ^^^'°^'^- 
Pebble  Gravel. 

Tliese  deposits  have  been  tnappod  by  Measrs.  H.  W.  Bristow,  W. 
ffhitafcsr,  H.  B.  Woodward,  F.  J.  Bennett,  W.  A.  E.  Ussher,  J.  H. 
Blake,  and  C.  E.  Hawkios. 

^le  general  characters  and  positions  of  these  deposits  were  indi- 
»tod  by  Mr.  Whitaker  in  his  Memoir  on  the  Geology  of  the  country, 
pnblisbedin  18C4;  but  since  this  much  bos  been  done,  and  particulurly 
by  Mr.  Searles  Wood,  jun.,  in  the  olasBification  of  the  various  drift 
deposits  of  the  East  of  England. 

AlthoDgh  in  the  list  of  deposits  shown  in  Sheet  7  no  very  precise 
ehtonological  ajatem  haa  been  adopted,  this  could  hardly  be  expected 
a  tba  earliiir  drift  maps,  as,  until  a  very  large  avea  has  been  gone 
over,  sack  a  system  coiri.d  not  be  arrived  at. 

It  is  not  qnite  olear  at  preoent  whether  the  "  pebble  gravel "  be  of 
a  distinct  age  &om  the  gravel  and  aand  of  the  Glacial  period,  as  Mr. 
Hn^ea  would  have  it,  in  the  neighboDrhood  of  Hertford,  or  whether 
we  may  not  regard  it,  as  Mr.  Wood  does,  as  a  portion  of  the  Mid- 
Glaaal  series,  owing  its  pebbly  oatnre  to  looal  derivation  from 
Eooene  pebble-beds. 

TtkB  brick-earths  which  cap  the  high  gvonnd  near  High  Wycombe, 
bmpden,  Cbesham,  and  St>  Albans,  may  be  of  different  ages,  some 
pottiioiifl  bsIoneHig  apparently  to  Hid-Olacial  series  being  associated 
with  the  giavd  and  sand,  some  aasocdated  wi&  the  clay-with-flints, 
bemg  probably  dne  to  local  denudation  of  the  Tertiaries ;  some  por* 
tuns  appear  to  overlie  the  Boulder-olay,  and  therefore  te  be  of  Post- 
Qlacialage. 

These  theoretical  questions,  however,  do  not  affect  the  value  of 
the  map,  for  whatever  age  be  assigned  to  the  several  deposits, 
tte  boundary  liites  will  not  be  aSeoted,  and  these  it  is  which  give 
the  map  a  permanent  value. 

We  onderBtand  that  a  large  geological  map  with  London  as  a 
oaotre  will  shortly  be  pablished  by  the  Geological  Snrvey.  This 
has  long  been  a  desideratum,  and  we  doabt  not  that  it  will  be  appre- 
oiated,  not  only  for  the  eoonomio  uses  to  which  it  may  serve,  but  also 
as  a  griide  to  geoli^cal  students  and  local  observers,  of  vihinh  ^xiix!t 
unfoitiiDataly  tbeia  axe  but  few  in  the  country  moLode^  in  Si^iA^t  1 . 
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IV. — On  the  Coknexion  or  Cietain  Phenomena  with  the  Obioin  of 
Mineral  Veins.  By  J.  Arthub  Phillips,  E.C.S.,  MJnstC JB., 
etc.     Fhil  Mag.,  Dec,  1871. 

THE  Certain  Phenomena  referred  to  by  the  author  are  Uie 
Solfaiaras,  fissures  giving  off  steam,  which  occur  in  most  vol- 
canic districts.  The  most  remarkable  are  those  known  as  the  Steam- 
boat Springs  in  the  State  of  Nevada,  where  some  of  the  crevices  are 
over  1000  yards  in  length,  and  are  often  entirely  filled  with  boiling 
water,  containing  various  mineral  salts  in  solution.  In  tlie  course  of 
time  incrustations  (sometimes  to  the  thickness  of  several  feet)  are 
formed  on  each  side  of  the  fissures,  composed  chiefly  of  hydrated 
silver,  but  containing  also  oxides  of  iron  and  manganese,  traoes  of 
copper,  minute  crystals  of  iron-pyrites,  etc. 

The  author  thinks  that  these  phenomena  tend  to  «how  ^hai  the 
Theory  of  Ascension,  which  teaches  that  veins  are  the  result  of  depositB 
of  mineral  substances  which  have  been  introduced  into  fissures  from 
below,  is  the  most  rational  method  in  which  to  view  this  formation. 
For  further  oorroboration  ho  gives  analyses  of  water  issuing  from 
lodes  in  some  of  the  deeper  Cornish  mines  which  were  found  to  hold 
mineral  substances  in  solution. 


Oeological  Society  of  London. — I. — January  10,  1872. — Joseph 
Prestwich,  Esq.,  F.R.S.,  President,  in  the  Chair. — ^The  following 
communications  were  read  : — L  "  On  Cydostigma,  Lepidodendran, 
and  Knorria  from  Kiltorkan."     By  Prof.  Oswald  Heer,  F.C.G.S. 

In  this  paper  the  author  indicated  the  characters  of  certain  fossils 
from  the  Yellow  Sandstone  of  the  South  of  Ireland,  referred  by  him 
to  the  above  genera,  and  mentioned  in  his  paper  "  On  the  darbon- 
iferous  Flora  of  Bear  Island,"  read  before  the  Society  on  November 
9th,  1870  (see  Q.  J.  G.  S.,  vol.  xxvii.,  p.  1).  He  distinguished  as 
species  Oyclostigma  KiUorhense,  Haughton,  C  mintUuMy  Haught, 
Knorria  actcularia,  G^6pp.  var.  Bailyana,  and  Lepidodendron  Vd' 
ibeimianum,  Stemb. 

DiscuBsioN.—Mr.  Camithera  was  glad  that  he  had  made  the  obserrations  which 
he  did  on  Profeasor  Heer*8  former  paper,  as  it  had  caused  the  Professor  to  giTe  the 
reasons  on  which  his  opinions  were  oased.  He  was  doubtful  whether  the  sucoess 
which  had  attended  Profeesor  Beer's  determination  of  species  from  leaves  justified  the 
application  of  the  same  principles  to  mere  stems.  Be  could  not  accept  the  difference 
ia  size  or  distance  of  leat<scars  as  a  criterion  of  species,  inasmuch  as  they  were  merdj 
the  result  of  the  difference  in  the  age  and  size  of  the  parts  of  the  plants  on  whim 
they  were  observed.  Even  Professor  Beer  himself  had  united  together  specimens 
presentiur  greater  differences  in  this  respect  than  those  which  he  distinguished.  Be 
considered  Cyelostigma  Kiltorketue,  C.  minutum,  and  Lepidodmdroti  VeUheimianum 
to  be  founded  on  different  parts  of  one  species.  In  the  Kiltorkan  fossils  the  outer 
Borfitce  of  the  original  stems  was  often  broken  up  into  small  fragments,  the  phyUotaxy 
on  which  proved  them  to  be  portions  of  laree  stems,  and  not  entire  branches.  As  to 
fnorrirty  it  was  certainly  the  interior  cast  of  the  stem  of  Lepidodendron,  with  casts  of 
"  f  channels  through  which  the  vascular  bundles  passed  with  some  cellular  tissue 

be  leMves;  and  the  specimen  figured  showed  tiiat  \t  \>dong;^W  ^\a%xi:^  vaoilAr  to 
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tet  fepfcaonted  as  0,  fnbmtunu    He  coniidered  that  the  four  soppoted  speciee 
Wragmg  to  three  genera  were  only  different  forms  of  the  same  plant. 

2.  "  Notes  on  the  (Jeology  of  the  Plain  of  Marooco,  and  the  Great 
AtUs.**     By  George  Maw,  Esq.,  F.G.S.  etc. 

The  author  described  first  the  characters  presented  by  the  coast  of 
Maroooo,  and  then  the  phenomena  observed  by  him  in  his  progress 
into  the  interior  of  the  country  and  in  the  Atlas  Chain.  The  oldest 
rocks  observed  were  ranges  of  metamorphic  rocks  bounding  the 
plain  of  Marocco,  interbedded  porphyrites  and  the  porphyritic  tuffs 
fi>rming  the  backbone  of  the  Atlas  Chain,  and  the  Mica-schists  of 
Il^eb  Tezah  in  the  Atlas.  At  many  points  in  the  lateral  valleys  of 
flu9  Atlas  almost  vertical  grey  shales  were  crossed ;  the  age  of  these 
was  unknown.  Above  these  comes  a  Red  Sandstone  and  Limestone 
aeries,  believed  to  be  of  Cretaceous  age,  and  beds  possibly  of 
Miocene  age,  which  occupied  the  valleys  of  the  Atlas  and  covered  the 
plain  of  Marocco,  where  vestiges  of  them  remain  in  the  form  of 
tabular  hills.  The  probable  age  of  these  beds  was  determined  on 
the  evidence  of  fossils.  The  author  noticed  the  sequence  of  de- 
nuding and  eruptive  phenomena  by  which  the  arrangement  and 
distribution  of  these  rocks  has  been  modified,  and  described  the 
more  recent  changes  resulting  in  the  formation  of  enormous  boulder- 
beds  flanking  the  northern  escarpment  of  the  Atlas  plateau,  and  of 
great  moraines  at  the  heads  of  the  valleys  of  the  Atlas,  both  of  which 
he  ascribed  to  glacial  action.  An  elevation  of  the  coast  line  of  at 
least  70  feet  was  indicated  by  raised  beaches  of  concrete  sand  at 
Mogador  and  elsewhere,  and  the  author  considered  that  a  slight  sub- 
sidence of  the  coast  was  now  taking  place.  The  surface  of  the  plain 
of  Marocco  was  described  as  covered  with  a  tufaceous  crust,  probably 
due  to  the  drawing  up  of  water  to  the  surface  from  the  subjacent 
calcareous  strata  and  the  deposition  from  it  of  laminated  carbonate 
of  lime. 

Discussion. — ^Mr.  Ball,  as  an  Alpine  traireller  who  had  also  visited  the  Atlas  in 
company  with  Dr.  Hooker  and  Nfr.  Maw,  offered  a  few  remarks.  The  plane  of 
Marocco  was  not,  in  his  opinion,  a  level,  hut  an  inclined  plane,  rising  ^dually  in 
beight  up  to  the  foot  of  the  mountain,  so  that  the  base  of  the  boulder  ndgcs  was  at 
some  height  above  the  level  of  the  plain  near  Marocco.  He  did  not  think  that  the 
boolder  oeposits  could  be  safely  attnbuted  to  glaciers,  but  thought  rather  that  they 
had  been  carried  into  and  deposited  in  a  shallow  sea.  He  thought  also  that  Mr.  Maw 
had  somewhat  over-estimated  the  thickness  of  some  of  the  boulder  deposits ;  and 
though  there  was  one  instance  of  an  undoubted  moraine  in  one  of  the  higher  valleys 
of  the  Atlas,  yet  he  could  not  agree  in  the  view  that  the  glaciation  of  the  Atlas  was 
general.  He  could  not  accept  such  a  great  thickness  of  beds  as  that  represented  by 
the  vertical  shales  in  Mr.  Maw's  section. 

Prof.  Ramsay  was  pleased  that  the  author,  though  giving  so  many  interesting  de- 
tails, had  not  assigned  any  definite  age  to  many  of  the  oeds.  He  agreed  with  him  as 
to  the  cause  assigned  for  the  great  tufaceous  coating  of  the  country.  He  had  already 
asngned  the  same  cause  for  the  existence  of  certain  saline  beds,  and  would  attribute 
the  existence  of  the  great  coating  of  gypsum  at  a  slight  depth  below  the  surface  of 
the  Sahara  to  the  same  cause.  As  to  uie  existence  of  moraines,  he  was  not  surprised 
to  find  them  in  the  Atlas,  as  they  were  already  known  in  the  mountains  of  Granada. 
As  to  the  escarpments,  it  was  now  well  known  that,  as  a  rule,  they  assumed  a  direc- 
tion approximately  at  right  angles  to  the  dip  of  the  strata ;  and  he  felt  inclined  to 
consider  that  the  bulk  of  the  mounds  at  the  foot  of  the  escarpment  of  the  Atlas  were 
rather  the  remains  of  a  long  series  of  landslips  from  the  face  of  t\ie  d\S&  >;Xi%Si  \a  ^Si 
aecomohitiazz  of  moraine  matter. 


136  Beporis  and  Proceedings. 

Mr.  D.  Forbes  commented  on  the  similarity  of  the  rocks  to  those  of  the  Andes  m 
South  America.  In  the  Andes  the  porphyritio  toffs  appeared  to  belong  to  the  Oolitie 
age ;  and  the  igneous  rooks  associated  with  them  were  of  the  same  date.  He  thought 
that,  so  far  as  the  author's  obserrations  had  gone,  the  structure  of  the  Atlas  was  much 
the  same  as  that  of  the  Andes. 

Mr.  W.  W.  Smyth  mentioned  that  in  the  district  to  the  east  of  the  Sierra  Nerada, 
in  the  south  part  of  Spain,  where  Uiere  was  great  summer  heat,  and  also  heavy 
occasional  rainfall,  the  same  tufaceous  coating  as  that  obsenred  in  Maroooo  was  to  be 
found.  He  had  been  led  to  much  the  same  conclusion  as  to  its  origin  as  that  arrived 
at  by  Mr.  Maw.  The  upper  part  was  frequently  brecciated,  and  the  fragments  re- 
cemented  by  carbonate  or  lime. 

Mr.  Seder,  though  accepting  Mr.  Etheridge*s  determination  as  to  the  Cretaoeoos 
affe  of  Mr.  Maw's  fossils  if  founa  in  England,  could  not  accept  it  as  oonolusiTe  in  the  ease 
of  fossils  from  Marocco.  The  genus  Exogyra,  for  instance,  which  ranges  throuriithe 
secondary  to  existing  seas,  might  well  belong  to  some  other  age ;  and  eren  the  roasils 
presumably  Miocene  might,  aner  all,  date  fi^m  some  other  period. 

Mr.  Maw,  in  reply,  stated  that  he  agreed  with  Mr.  Ball  as  to  the  rise  in  the  Maroeeo 
plain  as  it  approached  the  Atlas,  hanng  taken  it  in  one  direction  at  400  feet  in  26 
miles.  He  pointed  out  the  resemblance  between  the  moraines  in  the  valley  of  the 
Rhone  and  those  which  he  regarded  as  such  on  the  flanks  of  the  Atlas.  As  a  proof  of 
their  consisting  of  transport^  blocks,  he  mentioned  the  fact  that  the  red  sandstone 
rock  of  which  they  were  composed  did  not  occur  in  the  adjacent  escarpments,  bat  wis 
not  to  be  found  within  seTcn  or  eight  miles.  There  was,  moreover,  a  mixture  of 
different  materiaLs  in  the  mounds. 

n. — January  24, 1872. — Joseph  Prestwich,  Esq.,  F.E.S.,  President, 
in  the  Chair.  The  following  communications  were  read : — 1.  "  On 
the  Foraminifera  of  the  Family  Rotalinsd  (Carpenter)  found  in  the 
Cretaceous  Formations,  with  Notes  on  their  Tertiary  and  Becent 
Representatives."  By  Prof.  T.  Rupert  Jones,  F.G.S.,  and  W.  K. 
Parker,  Esq.,  F.R.S. 

The  authors  enumerated  the  Rotalinsd  which  have  been  found  in 
the  Cretaceous  rocks  of  Europe,  and  showed  by  tabular  synopses  the 
range  of  the  species  and  notable  varieties  in  the  different  formations 
of  the  Cretaceous  system.  For  the  comparison  of  the  Tertiary  Ro- 
talinad  with  those  of  the  Cretaceous  period  the  following  Tertiary 
formations  were  selected : — The  Kessenberg  beds  in  the  Northern 
Alps,  the  Paris  Tertiaries,  the  London  Clay,  the  Tertiary  beds  of 
the  Yienna  Basin,  and  the  English  and  Antwerp  Crags.  The  authors 
also  enumerated  the  recent  Foraminifera  of  the  Atlantic  Ooean. 

The  authors  stated  that  of  Planorhrdina  several  species  and  im- 
portant varieties  of  the  compact,  coniccd  form  occur  tiiroughout  the 
Cretaceous  series,  and  that  those  of  the  Nautiloid  group  are  still  more 
abundant  The  plano-convex  forms  are  represented  throughout  the 
series  by  P,  (TruncatuLina)  lohatrda;  but  the  flat  concentric  growths 
had  not  yet  come  in.  Planorhvlina  extends  down  to  the  Lias  and 
Trias.  Pvlvintdina  repanda  is  feebly  represented  in  the  uppermost 
Chalk,  but  fonns  of  the  "Menardii"  group  aboimd  throughout  the 
series.  Species  of  the  **elegan8"  group  are  peculiarly  characteristio 
of  the  Qault,  and  some  of  the  "  Schretbersii "  group  are  scattered 
throughout.  These  two  groups  extend  far  back  in  the  Secondary 
period.  The  typical  Rotcdia  Beccarii  is  not  a  Cretaceous  form,  but 
the  nearly  allied  B,  umbilicata  is  common.  Tinoporua  and  Pateilina 
occur  at  several  stages ;  Calcarina  only  in  the  Upper  Chalk. 
^   The  above-mentioned  types  are  for  the  most  part  still  living,  but 
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the  "  aurteula  "  group  of  Pulvintdtna  is  wanting  in  the  Cretaceous 
leries,  as  also  are  Spirtllina  and  Cywhalopora^  except  that  the  latter 
oocurs  in  the  Maestricht  Chalk.  Discorhina  and  Calcarina  make 
their  first  appearance  in  the  uppermost  Chalk.  The  chief  distinction 
between  the  Cretaceous  and  the  existing  RotalinsB  was  said  to  cou- 
ast  in  the  progressively  increasing  number  of  modifications.  The 
nthors  concluded  by  disputing  the  propriety  of  regarding  the 
Atlantic  ooze  as  homologous  with  the  Chalk. 

DiacuuioK. — The  President  sngvested  the  possibility  of  some  of  the  minute 
Fanummfera  beine  transported  fossus  derired  from  earlier  beds  than  those  in  which 
thmr  are  now  found. 

Dr.  Carpenter  observed  that  the  mode  of  examination  to  be  adopted  with 
FeimiDtnifera  was  different  in  character  from  that  which  was  applicable  to  higher 
vganiama.  The  range  in  variation  was  so  great  that  an  imperfect  examination  of 
Hvmmnlites  had  sufficed  to  make  M.  d'Archiac  reduce  the  number  of  species  by  one 
faif;  and  all  the  speaker's  subsequent  studies  had  impressed  upon  him  the  variety  in 
fonn  and  in  sculpturing  of  surface  on  individuals  of  tne  same  species.  When  out  of 
■one  thousands  of  specimens  of  OperetUina,  say,  a  dozen  pronounced  forms  had  been 
■riected,  such  as  by  themselves  seemed  well  marked  and  distinct,  it  might  turn  out 
fliat  after  all  there  was  but  one  species  present  with  intermediate  varieties  connecting 
in  these  different  forms.  He  tnought  the  same  held  good  with  Rotalins,  and  that 
tkcre  were  osculant  forms  which  might  connect,  not  only  the  species,  but  even  the 
lenera  int»  which  they  had  been  subdivided.  This  fact  had  an  important  bear- 
ag  on  their  genetic  succession,  especially  as  it  appeared  that  some  of  the  best-marked 
tjpea  were  due  to  the  conditions  under  which  they  lived.  The  temperature  in  tropical 
MM  differed  in  accordance  with  the  depth  so  much,  that  when  2000  fathoms  were 
reached,  a  d^ree  of  cold  was  attained  such  as  was  to  be  found  in  high  latitudes ; 
Hid  in  consequence  the  deep-sea  forms  in  tropical  latitudes  assumed  the  dwarfed 
character  of  those  in  shallower  seas  and  nearer  the  Pole.  He  suggested  caution  in 
drawine  inferences  from  forms  so  subject  to  modification,  both  spontaneous  and  due 
to  the  oepth  of  the  sea,  especially  as  connected  with  abundance  of  food. 

Prof.  Bamsay  remarkea  that  geologists  would  be  pleased  to  find  Foraminifera 
exhibitrng,  like  other  organisms,  changes  in  some  degree  connected  with  the  lapse  of 
time.  These  low  forms,  however,  could  hardly  afford  criteria  for  judging  of  the  ago 
of  geological  formations,  while  at  the  same  time  such  ample  means  were  afforded  by 
the  higher  organisms  for  coming  to  a  conclusion.  He  cited,  for  instance,  the  Cephal- 
opoda, as  proving  how  different  were  the  more  important  forms  of  marine  lile  in 
Cretaoeoiis  times  from  those  of  the  present  day.  Ho  thought  that  no  one  who  had 
thoroughly  studied  the  forms  of  ancient  life  would  be  led  to  ignore  the  differences 
thay  presented,  as  a  whole,  firom  those  now  existing. 

Mr.  Seeley,  Dr.  Murie,  and  Mr.  Hicks  also  made  some  remarks  on  the  paper. 

Prof.  Jones,  in  reply,  observed  that  the  question  of  whether  the  Foraminifera  in 
a  given  bed  were  derived  or  not  was  to  be  solved  partly  by  their  condition  and  partly 
by  their  relative  proportions,  but  that  in  most  cases  sufficient  data  existed  on  which  to 
found  a  judgment.  He  agreed  with  Dr.  Carpenter  as  to  the  existence  of  extreme 
Bodiiications,  and  it  had  b^n  his  object  to  ignore  such  as  seemed  due  to  ordinary  and 
local  causes,  and  to  group  the  forms  in  accordance  with  certain  characteristics. 
Whether  the  classification  was  right  or  wrong,  it  was  necessary,  for  the  sake  of 
increasing  knowledge,  that  fossils  of  this  kind  should  be  arranged  in  groups ;  and 
whether  these  were  to  be  regarded  as  truly  generic  was  a  minor  consideration.  In 
forming  their  types  and  subtypes  the  authors  had  carefully  avoided  minor  differences ; 
b«Et  they  still  tnought  that  the  modifications  which  were  capable  of  being  substan- 
tiated were  significant  of  a  great  lapse  of  time.  A  variation  once  established  never 
retomed  completely  to  the  original  type.  In  Olobigerina^  he  stated  that  there  were 
in  Cretaceous  times  8  forms,  in  Tertiary  12,  at  the  present  time  14 ;  and  these 
modifications  he  regarded  as  equivalent  to  the  specific  changes  in  higher  animals. 

2.  "On  the  Infralias  in  Yorkshire."      By  the  Rev.  J.  F.  Blake, 
H.A.,  r.G.S. 
The  Tnfraliafl,  i.e.  the  zones  of  Ammonites  flanorhxt  aad  Am.  atvQu- 
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J,  ULD^  FJEL&,  F.Oa 

antibor  commanced  hj  doacriMog  the  dnngea  in  flie  phjaioal 

of  Britain  during  tiia  Jniaaaio  and  CraCaoaooa  parioda» 

4ie  xdationa  which  the  depoailB  fixnid  dnriv  thoaa  perioda  bora 

[to  &o  BakBOMio  looka  of  Walaa  and  dia  nor£-waei  of  En|^anl 

I  fea  atoted  lliat  the  Mioooie  period  of  Europe  waa  eaBentiallj  a  oon- 

0110,  and  that  it  waa  doaed  by  important  diatubanoea  of 

ita  m  oenrtnl  Europe,  one  effect  of  which  would  be  to  give  die 
tmmikaj  loniialiona  of  Fianoe  and  Britain  a  alight  tilt  towaida  the 
Borth-weet  To  this  lie  ascribed  the  north-westeriy  direction  of 
fliany  of  the  rivera  of  France ;  and  be  snrmised  that  at  this  period 
^  rivers  of  the  middle  and  south  of  England  also  took  a  westeriy 
oonzae.  The  westeriy  slope  of  the  Gretaoeoos  strata  of  England 
vaa  also,  he  considered,  the  canse  of  the  soothem  flow  of  the  Severn, 
between  the  hilly  land  of  Wales  and  the  long  slope  of  chalk  rising 
towards  the  east  The  Severn  would  thus  establish  the  commenoe- 
ment  of  the  escarpment  of  the  Chalk,  which  has  since  receded  far 


The  author  believed  that  after  the  Severn  had  cut  out  its  valley 
die  Cretaceous  and  other  strata  were  gradually  tilted  eastwards, 
oauaii^  the  easterly  course  of  the  Thames  and  other  rivers  of 
southern  and  eastern  England.  In  these  and  other  cases  adduced 
by  die  author,  the  sources  of  these  rivers  were  originallv  upon  the 
CHalk  near  its  escarpment  and  it  is  by  the  recession  of  the  latter 
(which  veas  followed  by  the  formation  of  the  Oolitic  escarpment) 
tiiat  its  present  relation  to  the  river-courses  has  been  brought  about 
Hie  author  also  referred  to  the  courses  followed  by  the  rivers  of  the 
more  northern  part  of  England,  and  indicated  their  relations  to  the 
general  dip  of  ^e  strata. 

DiscuBSiOM. — ^Mr.  Hughes  poiated  oat  that  in  Wales  and  the  Lake-dUtriot  which 
in  tkia  qneatioB  might  be  eonndered  at  one,  there  were  two  plaim  of  marine  denuda- 
tion, the  one  refen«d  to  by  Prof.  Bam«a7  averaging  a  little  over  2000  feet,  «AdUi«  oUv^t 
aboot  8000  Uei  mbore  the  aem,    8acb  pUina  get  eaten  bac^  and  (sat  up  mVA  ^«!i\Q^> 
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lotus,  have  been  recorded  hitherto  only  from  Bedoar,  to  the  beds  at 
which  place  the  author  referred ;  but  the  chief  object  of  the  paper 
was  to  describe  some  sections  at  Cliff,  near  Market  Weighton, 
where  these  and  lower  beds  are  well  exposed,  and  have  yielded  m 
numerous  suite  of  fossils.  He  considered,  however,  that  these  beds 
did  not  belong  to  the  typical  Yorkshire  area,  but  were  the  thin  end 
of  the  series  which  stretches  across  England.  He  supposed  there  had 
been  a  barrier  in  Carboniferous  times,  which  had  separated  the  coal- 
fields of  Yorkshire  and  Durham,  prevented  the  continuity  of  the 
Permian  beds,  and  curved  round  the  secondary  rocks  to  the  north  of 
it,  to  form  the  real  Yorkshire  basin,  while  these  beds  at  Cliff  were 
immediately  to  the  south  of  it 

The  sections  described  were  six  in  n  amber,  the  first  pit  yielding 
the  great  majority  of  the  fossils,  and  the  third  showing  best  the 
succession  of  the  beds.  The  fossils  could  be  mostly  identified  with 
known  forms,  and  showed  a  striking  simUarity  to  the  Hettangian 
fauna.  In  all  the  days  of  the  Infralias  Foramimfera  were  numerous 
and  varied. 

The  section  in  pit  No.  3  showed,  commencing  at  the  top : — 1.  Stone 
bed  with  Am.  angvlatus  (the  fossiliferous  bed  of  pit  No.  1).  2.  Thick 
clays,  with  bands  of  stone  characterized  by  Am,  Johnstoni.  3.  One 
band  of  clay  with  Am,  planarhis.  4.  Thin-bedded  stones  and  days, 
some  of  them  oyster-bands.  5.  Clays  without  Foramimfera^  and 
with  impressions  of  Anatina  (White  Li«w). 

The  Avictda-contorta  series  is  not  reached,  nor  are  there  any  signd 
of  the  bone-bed,  as  the  junction  with  the  Keuper  marls,  which  are 
found  three  miles  off,  is  not  seen. 

The  paper  was  followed  by  references  to  the  fossils  mentioned,  in- 
cluding the  description  of  those  that  are  considered  new. 

Discussion. -- Prof.  Duncan  remarked  that  English  ^eoloeiflts  had  been  backward 
in  receiring  the  term  Infralias,  which  he  had  suggested  with  respect  to  the  Sutton 
Down  beds  some  years  ago,  and  the  propriety  of  which  was  shown  b^  the  term  havinf^ 
been  applied  to  the  same  beds  by  French  geologists  at  a  still  earlier  period.  As  to 
the  White  Lias,  he  regarded  it  as  a  mere  local  deposit,  not  to  be  found  out  of  England. 
He  traced  the  existence  of  the  Infralias  from  Luxembourg  through  France  into  South 
Wales,  where  Corals  were  abundant.  In  Yorkshire,  though  one  fine  Coral  had  been 
found,  the  Ammonites  seemed  to  point  to  a  difference  in  condition. 

Mr.  Hughes  remarked  that  the  lithological  character  of  the  beds,  as  described  by 
the  author,  did  not  agree  with  that  of  the  Iniralias  in  the  S.W.  of  Bnffland  or  the  N. 
of  Italy.  That  the  palieontological  evidence  which  had  been  laid  before  the  Society 
did  not  confirm  the  view  that  they  were  Infralias,  the  author  having  especially  noticed 
the  absence  of  Avicula  eontorta  where  he  expected  that  it  should  occur.  Also,  by 
reference  to  the  author's  section,  Mr.  Hughes  pointed  out  that  below  what  he  de- 
scribed as  Infralias  he  drew  other  beds  which  were  not  Trias,  the  author  havinff  ex- 
plained that  some  beds  which  had  been  called  Trias  were  only  stained  beds  of  Lunifi 
age. 

The  Rev.  J.  F.  Blake,  in  reply,  acknowledged  the  difference  between  the  Yorkshire 
section  and  those  of  the  neighbourhood  of  Bath,  but  insisted  on  the  similarity  of  the 
fossils. 

in.--February  7,  1872.— Joseph  Prestwich,  Esq.,  F.RS.,  Presi- 
dent, in  the  Chair. — ^The  following  communications  were  read : — 1. 
"  Further  Notes  on  the  G^eology  of  the  neighbourhood  of  Malaga." 
Bjr  M.  D,  M,  d'OmetsL    Communicated  by  &e  President 
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In  this  paper,  which  is  a  continuation  of  a  former  note  laid  before 
the  Society  (see  Quart  Joum.  Geol.  Soc.,  xxviL,  p.  109),  the  author 
commenoed  by  stating  that  his  former  opinion  as  to  the  Jurassic  age 
of  the  rocks  of  Antequera  is  fully  borne  out  by  later  researches  upon 
Uieir  fossils.  They  apparently  belong  to  the  Portlandian  series. 
The  author  mtide  considerable  additions  to  his  description  of  the 
Toroaly  near  the  foot  of  which  he  has  found  a  sandstone  containing 
abundance  of  OrypTkBa  virgula  and  Ostrea  delioidea.  This  he  regards 
as  equiyalent  to  the  Kimmeridge  Clay.  In  the  Torcal  he  has  also 
found  a  soft,  white,  calcareous  deposit,  overlying  the  limestones  of 
supposed  Portlandian  age,  and  containing  a  fossil  which  he  identifies 
with  the  Tithonian  Terehrcdvla  dtphya.  The  author  discussed  the 
peculiar  forms  assumed  by  the  rocks  of  the  Torcal  under  denudation, 
which  he  supposed  to  be  due  originally  to  the  upheaval  caused  by  the 
rising  of  a  great  mass  of  greenstone,  portions  of  which  are  visible  at 
the  surface  on  both  sides  of  the  range. 

2.  "  On  the  River-courses  of  England  and  Wales.**  By  Prof.  A. 
C.  Bamsay,  LL.D.,  F.B.S.,  F.aS. 

The  author  commenced  by  describing  the  changes  in  the  physical 
conformation  of  Britain  during  the  Jurassic  and  Cretaceous  periods, 
and  the  relations  which  the  deposits  found  during  those  periods  bore 
to  the  PalsBOzoic  rocks  of  Wales  and  the  north-west  of  England. 
He  stated  that  the  Miocene  period  of  Europe  was  essentially  a  con- 
tinental one,  and  that  it  was  closed  by  important  disturbances  of 
strata  in  central  Europe,  one  effect  of  which  would  be  to  give  the 
Secondary  formations  of  France  and  Britain  a  slight  tilt  towards  the 
north-west.  To  this  he  ascribed  the  north-westerly  direction  of 
many  of  the  rivers  of  France ;  and  he  surmised  that  at  this  period 
the  rivers  of  the  middle  and  south  of  England  also  took  a  westerly 
course.  The  westerly  slope  of  the  Cretaceous  strata  of  England 
was  also,  he  considered,  the  cause  of  the  southern  flow  of  the  Severn, 
between  the  hilly  land  of  Wales  and  the  long  slope  of  chalk  rising 
towards  the  east  The  Severn  would  thus  establish  the  commence- 
ment of  the  escarpment  of  l^e  Chalk,  which  has  since  receded  far 
eastward. 

The  author  believed  that  after  the  Severn  had  cut  out  its  valley 
the  Cretaceous  and  other  strata  were  gradually  tilted  eastwards, 
causing  the  easterly  course  of  the  Thames  and  other  rivers  of 
southern  and  eastern  England.  In  these  and  other  cases  adduced 
by  liie  author,  the  sources  of  these  rivers  were  originally  upon  the 
Chalk  near  its  escarpment  and  it  is  by  the  recession  of  the  latter 
(which  was  followed  by  the  formation  of  the  Oolitic  escarpment) 
that  its  present  relation  to  the  river-courses  has  been  brought  about. 
The  author  also  referred  to  the  courses  followed  by  the  rivers  of  the 
more  northern  part  of  England,  and  indicated  their  relations  to  the 
general  dip  of  tiie  strata. 

Discussion. — Mr.  Hughes  poiated  oat  that  in  Wales  and  the  Lake-district,  which 
in  this  qaestioB  might  be  considered  as  one,  tliere  were  two  plains  of  marine  denuda- 
tion, the  one  referred  to  by  Prof.  Ramsay  averaging  a  little  over  2000  feet,  «iaid\]ki^  Ct^ket 
aboat  3000  feet  above  the  boa.    Such  puLina  get  eaten  bade  and  cu^.  up  m\A  "t^^e^^^ 
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bat  their  general  level  does  not  set  mncli  lowered  by  sabaerial  denadatiou.  There- 
fore, in  considering  the  western  urainago  area  of  the  ancient  SoFem.  it  was  important 
to  fix  the  age  of  these  plains.  He  did  not  agree  with  Prof.  Bamsav  that  the  2000  feet 
plain  was  pre-Carboniferoos,  as  the  Carboniferoos  and  Old  Bed  hills  of  S.  Wales 
and,  in  a  more  marked  way,  those  of  West  Yorkshire  and  the  Lakenlistrict  were 
evidently  cat  down  by  the  same  denudation  that  planed  off  the  top  of  the  Silnriin 
area,  and  their  tops  formed  part  of  the  same  plain.  He  did  not  think  that  this  plain 
conld  be  even  pre-Oolitic;  for  the  shingle  beach  of  the  Trias,  which  might  be 
considered  as  the  basement-bed  of  tlie  Oolitic  series,  was  evidently  formed  roond 
the  mai^n  of  that  old  land,  whereas  had  this  plain  existed  there  would  not  have  been 
land  sufficiently  high  to  have  arrested  the  Oolitic  sea  duringthe  period  of  greatest 
submergence ;  and  a  conglomerate  implies  a  near  shore.  The  absence  of  a  ooarsa 
shore-deposit  at  the  base  and  the  character  of  the  Cretaceous  deposits  also  would 
lead  him  to  infer  that  the  Chalk-sea  probably  washed  no  land  so  near  as  Wales ; 
but  it  was  quite  possible  that  the  chauE  was  removed  from  the  Welsh  area  when 
the  2000-feet  plain  was  formed;  and  so  we  should  refer  the  initial  Severs  to 
the  time  when  the  deposits  of  tiie  sea  that  formed  that  plain  were  being  eaten 
back,  and  not  to  the  time  when  the  Chalk  was  being  removed.  He  asked 
where  were  the  Chalk  valleys  when  tlie  drainage  of  the  eastern  area  ran  west 
into  the  Severn,  as  there  was  considerable  difficulty  in  supposing  that  the  main 
westerly  drainage  was  along  the  same  linos  as  that  of  the  modem  easterly  streams. 
He  pointed  out  that  the  great  W  N.  W.  disturbances — many,  if  not  all,  of  which*were  in 
part  Post-tertiary — ^most  be  taken  into  account  in  this  inquiry;  s.y.,  the  synclinal 
of  central  Devon  running  into  the  English  Channel  near  the  Isle  of  Wignt ;  Uie 
anticlinal  of  the  Bristol  Channel  and  the  Weald,  which  we  know  was  a  barrier 
in  pre -Carboniferous  times,  from  the  different  character  of  the  Coal-measorea  of 
Wales  and  Culm-measures  of  Devon ;  Mr.  Gkxlwin- Austen's  ridge  bringing  up  the  old 
rooks  under  London ;  the  barriers  which  caused  the  Lower  and  Upper  Siiariaa  of 
S.  Wales  to  differ  so  much  from  Uiose  of  N.  Wales  and  the  Lake-district,  and  were 
tiie  indirect  cause  of  the  bosses  of  Silurian  rocks  whieh  project  through  the  newer 
rocks  in  Central  England ;  the  barriers  that  divided  the  northern  ocMil-fields ;  the* 
Craven  Faults  and  the  great  valley  which  runs  along  them, — ^these  and  many  others 
have  obviously  affected  recent  denudation.  A  slight  tilt  to  the  west  would  send  the 
drainage  again  to  the  west  along  some  of  them ;  and  the  question  involved  the 
consideration  of  all  traces  of  such  changes  of  level. 

Prof.  Duncan  observed  that  one  important  point  in  the  paper  was  the  hypothetical 
dip  of  the  Chalk,  on  which  the  existence  of  the  Severn  was  made  to  depend ;  and 
commented  on  the  denudations  which  must  have  taken  place  during  the  Qlaoi^  and 
Pliocene  period.  Ho  differed  from  the  author  in  his  view  of  the  character  of  the 
Oolitic  period,  which  ho  regarded  as  one  of  great  oscillation.  As  to  the  amount  of 
Palseozoic  land-surface  in  Cretaceous  times,  he  maintained  that  the  purity  of  the 
Chalk  deposits  and  their  freedom  from  any  terrestrial  waste  bore  evidence  of  the 
distance  of  the  hmd  at  that  time.  The  depth  of  the  sea  in  which  they  were  formed 
was  immense ;  and  in  the  Upper  Cretaceous  period  the  oscillations  were  also  great. 
He  disputed  Uie  fact  of  the  Miocene  period  of  Europe  having  been  continenUl  in 
character,  especially  as  regards  the  upper  and  middle  parts  of  the  deposits,  in  which 
Corais  abunoantiiy  occurred.  The  elevation  of  the  Alps  was,  he  maintained,  of  a 
alow  progressive  character,  which  could  hardly  have  effected  so  great  an  area  as 
sapposed  by  Prof.  Ramsay. 

Mr.  Evans  called  attention  to  the  relation  of  the  present  flow  of  many  rivers  to  the 
last  elevation  of  tiie  land  at  the  dose  of  the  Glacial  period.  The  (deposits  of  the 
Severn  valley,  he  thought,  proved  its  prepflacial  origin,  and  consequently  supported 
Prof.  Ramsay's  argument;  out  the  condition  of  the  land  at  the  close  of  the  Glacial 

Kriod  was  also  to  oe  fully  taken  into  consideration,  as  the  previously  existing  channels 
d  in  many  instances  been  obliterated  during  that  period.  To  a  great  extent  Mr. 
Evans  agreed  witib  Prof.  Ramsay,  but  he  would  wish  to  see  the  explanation  carried 
down  to  a  later  date. 

Mr.  Green  remarked,  in  illustration  of  the  retrogression  of  escarpments,  that  he 
had  had  some  opportunity  of  observing  the  process  while  still  in  prcMfress.  In  the 
Carboniferous  rocks  of  the  north  of  England,  where  the  dip  of  some  hard  rock  was 
in  a  certain  direction  and  it  was  overlain  by  softer  strata,  it  was  constantly  the  case 
that  a  brook  ran  along  the  line  of  junction,  undermining  tho  softer  beds,  bringing 
them  down  into  the  str^un,  and  then  removing  them.  It  was  thos  that  escarpment 
receded. 

Prof.  Morris  remarked  that  at  an  early  period  the  Alps  on  t&e  south,  and  the 
Oamberland  mountains  on  the  north,  formed  the  boxmdaries  of  a  sort  of  trou^,  and 
this  to  some  extent  must  have  influenced  the  flow  of  the  rivers  both  in  Britain 
ID  the  Continent.    He  oonsideTed  that  tihe  seiieaoi  c\«'ia.^Q!DaSxvYt«-Pennian 
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timet  had  also  mach  to  do  with  the  configuration  of  some  parti  of  the  coantr^,  and 
therefore  of  its  river-basins.  The  evidence  of  the  Oolite  series  was  that  it  was 
deposited  in  an  area  of  gradual  depression,  which  was  subsequently  again  elevated ; 
aid  there  was  no  doubt  of  the  existence  of  a  large  amount  of  land  over  a  great  part 
of  central  England  during  the  deposition  of  some  of  the  later  Oolitic  beds,  llien 
again  came  a  depression  during  the  period  of  the  White  Chalk.  With  regard  to  the 
osrem  vallej,  he  recalled  the  observations  of  Sir  H.  de  la  Beche  as  to  its  having 
bsen  an  ancient  marine  channel,  connecting  the  estuary  of  the  Babble  and  what  is 
■ow  the  Bristol  Channel.  He  cited  Prof.  Phillips  to  account  for  the  presence  of  the 
Leeky  cmarts  pebbles  in  the  valley  of  the  Thames  by  the  existence  of  ancient  lochs 
m  the  Glacial  sea. 

ICr.  Whitaker  remarked  on  the  probable  extension  of  the  Chalk  as  far  as  the  Soilly 
Islands,  which  was  erinced  by  the  flints  there  found  on  the  surface.  He  attributed 
fte  fact  of  so  many  of  the  streams  breaking  through  t  the  Chalk  escarpment  on  the 
■mth  and  so  few  on  the  north,  to  the  difference  of  ue  dip  in  the  two  cases. 

The  President  could  not  give  in  his  adhesion  to  Prof.  Bamsay^s  opinion.  To 
Cilablish  so  general  a  new  as  that  propounded,  he  thought  that  a  more  extensive 
mray  of  fiusts  with  regard  to  the  conditions  of  the  river- vallejrs  should  have  been 
tddaeed.  He  wished  for  evidence  as  to  the  existence  of  old  river-gravels  at  a  greater 
elevation  above  the  present  river  Severn,  for  instance,  than  that  afforded  by  the 
aafh(V.  The  elevation  of  the  Alps  he  r^farded  as  not  sufficient  to  account  for  the 
lines  of  drainage  in  Britain.    It  was  to  be  l^me  in  mind  that  during  the  Quaternary 

Sriod  the  excavatory  force  of  the  rivers  was  much  greater  than  at  the  present 
y.  He  thought  there  was  still  much  to  be  learnt  as  to  the  causes  which  lea  to  the 
direction  and  extent  of  the  present  river-valleys,  the  original  rudiments  of  which 
were  probably  due  to  other  causes  than  river-action. 

Prof.  Bamsay,  in  reply,  was  inclined  to  restrict  himself  to  the  immediate  subject 
of  his  paper.  With  regard  to  the  so-called  Straits  of  Malvern,  he  accepted  the  view 
■0  far  as  it  assumed  that  an  ancient  river-valley  had,  by  submergence,  been  converted 
iito  a  strait.  He  had  purposely  omitted  in  his  paper  all  consideration  of  the  GUcial 
period,  for  the  simple  reason  that  the  initial  direction  of  the  river-vallevs  bad  been 
given  in  Preglaciat  times.  His  object  was  merely  to  show  the  causes  of  the  initial 
direction  of  the  rivers  ;  and  he  coula  not  be  expected,  in  a  paper  before  the  Geological 
Society,  to  take  these  minor  points  into  serious  consideration.  The  Trias  he  had 
tlwa^  regarded  as  a  great  freshwater  deposit,  which  of  course  involved  such  terrestrial 
conditions  as  those  which  had  been  pointed  out.  He  could  not  agree  that  some 
intercalations  of  marine  beds  destroyed  the  generallv  continental  character  of  the 
Miocene  beds  of  the  northern  half  of  Europe.  He  repuaiated  the  idea  of  an  immediate 
connexion  between  the  elevation  of  the  Alps  and  the  flow  of  the  Severn,  though  such 
t  general  tilting  of  the  strata  as  that  of  which  the  last  elevation  of  the  Alps  was  one 
of  the  principal  results,  produced  its  effects  upon  a  wide  area  in  western  Europe. 
The  volume  of  the  rivers  in  former  times  had  nothing  to  do  with  his  subject ;  but  the 
cutting  back  through  escarpments  was,  he  thought,  best  explained  in  the  manner 
be  had  suggested. 

IV. — Annual  General  Meeting,  February  16th,  1872. — Joseph 
Prestwich,  Esq.,  F.R.S.,  President,  in  the  Chair. 

The  Secretary  read  the  Reports  of  the  CJouncil,  of  the  Library  and 
Museum  Committee,  and  of  the  Auditors.  The  general  position  of 
the  Society  was  described  as  satisfactory,  although,  owing  to  the 
number  of  deaths  which  liad  taken  place  among  the  Fellows  during 
the  year  1871,  the  Society  did  not  show  the  same  increase  which  has 
characterized  former  years. 

In  presenting  the  Wollaston  Gold  Medal  to  David  Forbes,  Esq., 
F.R.S.,  Sec.  G.S.,  for  transmission  to  Prof.  Dana,  of  Yale  College, 
Connecticut,  the  President  spoke  as  follows : — 

Mr.  Forbes, — I  have  the  pleasure  to  announce  that  the  Wollaston 
Medal  has  been  conferred  on  Prof.  Dana,  of  Yale  College,  New- 
liaven,  U.S. ;  and  in  handing  it  to  you,  in  the  absence  of  our  Foreign 
Secretary,  Prof.  Ansted,  for  transmission  to  our  Foreign  Member,  I 
beg  to  express  the  great  gratification  it  affords  me  that  the  award  of 
the  Council  has  fallen  on  so  dislinguislied  and  veteran  a  ^^oYo^Xk 
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described  the  matrix  as  a  fine  chalky  marl,  full  of  Forami 
minute  fragments  of  organisms,  with  a  considerable  mixto 
insoluble  in  hydrochloric   acid.      The   composition  of  ' 
gruns  (commonly  called  Olauconite)  was  then  discussed,  i 
shown  that  they  differed  considerably  from  the  typical  i 
that  name ;   he  had  not  satisfied  himself  that  any  were 
Foraminifera.    After  a  few  words  on  the  phosphatic  noc 
some  erratic  rocks  in  the  bed,  he  gave  a  sketch  of  the  pals 
of  ihe  deposits;  calling  attention  to  the  condition  of  thl 
fossU  remains,  and  to  the  number  and  size  of  the  Pterodaol 
Turtles.     He  then  gave  his  reasons  for  considering  this  d 
formed  during  the  Upper  Oreensand  Epoch,  but  as  contain] 
fossils  which  had  been  deriyed  from  the  Upper  Gault 
denudation.    The  nodules  he  considered  as  mainly  of  cona 
origin ;  for  they  were  too  pure  to  be  regarded  as  clay  sati 
phosphate.     He  concluded  by  sketching  out  his  conceptic 
physical  geography  of  the  East  Anglian  district  in  the  N 
and  lower  part  of  the  Cretaceous  epoch. — Professor  Moi 
some  remarks  on  the  value  of  the  paper,  spoke  of  the  coi 
of  the  green  grains,  and  then  traced  the  range  of  the  depofi 
he  agreed  with  Mr.  Bonney  in  thinking  was  the  formation  i 
long  period  of  time. — ^Mr.  Lobley  remarked  upon  the  miiu 
and  palsBontological  differences  existing  between  the  O 
deposit  and  the  Chloritic  Marl  of  Dorsetshire. — Mr.  Bomil 
reply,  having  referred  to  the  great  scarcity  of  fossils  in  the 
Cambridge,  the  Rev.  T.  Wiltshire  stated  Uiat  the  Gault  of  I 
in  some  places  devoid  of  organisms. — At  the  next  meetii 
Association,  Friday,  1st  March,   a  paper  will  be  read  ' 
Geology  of  Hampstead,  Middlesex,"  by  Caleb  Evans,  Esq 
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gi2, — ^Will  you  allow  me  to  record  the  occurrence  of  Gastrosacut  Wett 
I  haye  found  in  the  so-called  Coral  Rag  of  Upware.  Cambridgeshire.  Th 
species  of  its  genus,  is  found  in  the  White  Jura  of  Bayaria,  and  has  not  hit 
met  with  in  Britain. 

St.  John's  College,  Cambridge,  W.  Johnson  E 

21th  December^  1871. 

CALCAREOUSLY-INCRUSTED  STONES  IN  DRIFT. 
Sib, — ^As  your  obli^ng  statement,  at  the  close  of  my  last  article,  rela* 
inorganic  origin  of  incrustations  on  stones  found  in  the  Upper  Boul< 
ChesMre,  might  by  some  readers  be  regarded  as  bearing  on  the  general 
contained  in  the  article,  would  you  allow  me  to  say  that  my  reference  to  t 
(on  which  I  did  not  venture  to  ex])ress  a  decided  opinion)  wad  extraneous  to  th 
ject  of  the  article,  and  that  my  object  in  making  it  was  not  to  prove  the  marii 
the  Upper-clay  (which  is  now  admitted  by  all  geologists),  but  to  try  to  dis 
resembuuice  between  this  clay  and  the  brick-clay  of  Scotland,  in  whic 
places,  organically -incrusted  stones  are  common,  according  to  Mr.  Jamieso 
Mr.  James  Geikie  will  soon  be  able  to  correlate  the  Scotch  and  Englisli 
hare  no  doubt  that  my  Pmel  is  the  eauivaleut  of  his  Till, 
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in  onr  estimation,  from  the  difficulties  under  whicli  they  have  been 
pursued,  and  the  limited  time  and  opportunities  he  has  had  at  his 
command. 

Prof.  Bamsaj  thanked  the  President  and  Council  in  the  name  of 
Mr.  CroU  for  the  honour  bestowed  on  liim.  He  remarked  that  Mr. 
CroU's  merits  as  an  original  thinker  are  of  a  very  high  kind  ;  and 
that  he  is  all  the  more  deserving  of  this  honour  from  the  circum- 
stance that  he  has  risen  to  have  a  well -recognized  place  among  men 
of  science  without  any  of  the  advantages  of  early  scientific  training ; 
and  the  position  he  now  occupies  has  been  won  by  his  own  unassisted 
exertions. 

The  President  then  proceeded  to  read  his  Anivenary  Addzeas,  in 
which  he  discussed  the  bearings  upon  theoretioal  Qeologj  of  the 
results  obtained  by  the  Royal  Commission  on  Water-Suppfy  and  the 
Boyal  Coal  Commission.  The  Address  was  prefooed  by  biographical 
notices  of  deceased  Fellows,  including  Sir  Roderick  I.  Murchison, 
Mr.  William  Lonsdale,  Sir  Thomas  Aofamd,  Sir  John  Herschcl,  Mr. 
George  Grote,  Mr.  Eobert  Chambers,  Mr.  0.  B.  Rose,  and  M.  Lartet 

The  Ballot  for  the  Council  and  OflBoers  was  taken,  and  the  follow- 
ing were  duly  elected  for  the  ensuing  year : — President :  The  Duke  of 
A^U,  K.T.,  D.aii.,  F.B.S.  Vtce-PreMmis :  Prof.  P.  Martin 
Dumn,  M.B.,  F.B.8. ;  Prof.  A.  C.  Bammy,  LL.D.,  F.B.S. ;  Waring- 
kn  W.  Smyth,  Esq.,  M*A.,  F.B.S. ;  Prof.  John  Morris.  Secretaries : 
Mm  Bvaas.  Bsc^,  r.E.S. ;  David  Forbes,  Esq.,  F.R.S.  Foreign 
SBcreiary :  Prof.  D.  T.  Ansted,  M.A.,  F.B.S.  Treasurer :  J.  Gwyn 
JefiBys,  Esq.,  F.B.S.  Council :  Prof.  D.  T.  Ansted,  M.A.,  F.R.S.  ; 
The  Duke  of  Argyll,  K.T.,  D.C.L.,  F.R.S. ;  William  Camithers,  Esq., 
P.R.S. ;  W.  Boyd  Dawkins,  Esq.,  M.A.,  F.R.S. ;  Prof.  P.  Martin 
Duncan,  M.B.,  F.B.S. ;  R.  Etheridge,  Esq.,  F.R.S. ;  John  Evans,  Escj., 
F.R.S.,  F.S.A. ;  James  Fergusson,  Esq.,  F.R.S. ;  J.  Wickham  Flower, 
Ewj. ;  David  Forljes,  Esq.,  F.R.S. ;  Capt  Douglas  Cralton,  C.B., 
F.K.S. ;  Rev.  John  Gimn,  M.A. ;  J.  Whitaker  Hulke,  Es^i.,  F.R.S. ; 
J.  Gwyn  Jeffreys,  Esq.,  F.R.S. ;  Sir  Charles  Lyell,  Bart,,  D.C.L., 
F.R.S. ;  C.  J.  A.  Meyer,  Esq. ;  Prof  John  Morris ;  Joseph  Prest- 
wich,  Esq.,  F.R.S. ;  Prof  A.  C.  Ramsay,  LL.D.,  F.R.S. ;  R.  H.  Scott, 
Esq.,  M.A.,  F.R.S. ;  Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S. ;  Prof. 
J.  Tenmmt,  F.C.S. ;  Henry  Woodward,  Esq.,  F.Z.S. 

Geologists*  Association. — A  special  general  meeting  was  held 
on  the  2nd  February,  when  a  revised  code  of  laws  was  adopted. 
Subseiiuently,  at  the  annual  meeting,  the  report  for  1871  was 
adopted,  and  the  officers  for  the  ensuing  year  elected. — At  the  ordi- 
nary meeting,  which  followed,  the  Rev.  T.  Wiltshire,  M.A.,  F.G.S. 
etc..  President,  in  the  Chair,  a  paper  was  read  by  T.  G.  Bonney,  M. A., 
F.G.S.,  Tutor  of  St.  John's  College,  Cambridge,  "  On  the  Chloritio 
Marl  or  Upper  Greensand  of  the  neighbourhood  of  Cambridge." — ■ 
The  author  commenced  by  a  brief  sketch  of  the  geology  of  the  Cam 
Valley,  and  the  position  of  the  seam,  barely  a  foot  in  thickness, 
which  rests  upon  the  eroded  surface  of  the  G^ult,  and  is  full  of 
green  grains,  and  dark  nodulca,  rich  in  phosphate  oi  A^Q.    ^^ 
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described  the  matrix  as  a  fine  chalky  marl,  full  of  Fore 
minate  fragments  of  organisms,  with  a  considerable  mi 
insoluble  in  hydrochloric  acid.  The  composition 
grains  (commonly  called  Glauconite)  was  then  discusse 
8ho¥ni  that  they  differed  considerably  from  the  typic 
that  name;  he  had  not  satisfied  himself  that  any  -^ 
Foraminifera.  After  a  few  words  on  the  phosphatic 
some  erratic  rocks  in  the  bed,  he  gave  a  sketch  of  the 
of  the  deposits;  cedling  attention  to  the  condition  o 
fossil  remains,  and  to  the  number  and  size  of  the  Pter 
Turtles.  He  then  gave  his  reasons  for  consideriDg  tl 
formed  during  the  Upper  Greensemd  Epoch,  but  as  con 
fossils  which  had  been  derived  from  the  Upper  Gi 
denudation.  The  nodules  he  considered  as  mainly  of 
origin ;  for  they  were  too  pure  to  be  regarded  as  claj 
phosphate.  He  concluded  by  sketching  out  his  cone 
physical  geography  of  the  East  Anglian  district  in  tl 
and  lower  part  of  the  Cretaceous  epoch. — Professor 
some  remarks  on  the  value  of  the  paper,  spoke  of  thi 
of  the  green  grains,  and  then  traced  the  range  of  the  d 
he  agreed  with  Mr.  Bonney  in  thinking  was  the  formal 
long  period  of  time. — Mr.  Lobley  remarked  upon  the 
and  palffiontological  differences  existing  between  th 
deposit  and  the  Chloritic  Marl  of  Dorsetshire. — Mr.  E 
reply,  having  referred  to  the  great  scarcity  of  fossils  ir 
Cambridge,  the  Rev.  T.  Wiltshire  stated  tiiat  the  Gault 
in  some  places  devoid  of  organisms. — At  the  next  m 
Association,  Friday,  1st  March,  a  paper  will  be  re 
Geology  of  Hampstead,  Middlesex,"  by  Caleb  Evans, 
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NEW  BRITISH  CRUSTACEAN. 
Sir, — ^Will  yon  allow  me  to  record  the  occurrence  of  Gastrosactu 
I  haye  found  in  the  so-called  Coral  Rag  of  Upware,  Cambridgeshire, 
species  of  its  genus,  is  found  in  the  White  Jura  of  Bavaria,  and  has  i 
met  with  in  Britain. 

St.  John's  College,  Cambridge,  W.  Johns 

TJth  December,  1871. 

CALCAREOUSLY-INCRUSTED  STONES  IN  DR] 

Sib, — As  your  obliging  statement,  at  the  close  of  my  last  article 
inorganic  origin  of  incrustations  on  stones  found  in  the  Upper 
Chesnire,  might  by  some  readers  be  regarded  as  bearing  on  the  gci 
contained  in  the  article,  would  you  allow  me  to  say  that  ray  reference 
(on  which  I  did  not  venture  to  express  a  decided  opinion)  wa^  extrancout 
ject  of  the  article,  and  that  my  object  in  making  it  was  not  to  prove  the 
the  Upper-clay  (which  is  now  aamitted  by  all  geologists),  but  to  try 
resemblance  between  this  clay  and  the  brick-clay  of  Scotland,  in 
places,  organically-incrusted  stones  arc  common,  according  to  Mr.  Ja 
Mr.  James  Geikie  will  soon  be  able  to  correlate  the  Scotch  and  E: 
hare  no  doubt  that  mj  Pmel  is  the  equivalent  of  his  TilL 

D. 
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[.-On  THsBoBTSlLPBOLONaATIOIfS  OF  SQTTALORAIAPOLTSFOITDrLA,  Ao. 

Bj  WiLLUM  Datibs, 

Of  the  Britiih  Miueiuii. 
(PLATE  IV.) 

FW  amongst  the  many  remains  of  Fossil  Fishes  hitherto  diB- 
covered  have  exolted  more  interest  than  the  remarkable  fossil 
Bay,  found  about  forty  years  ago  by  Miss  Anning  in  the  Lower 
Lias  at  Lyme  Eegis. 

TtoB  specimeui  whioh  is  preserved  in  the  Bristol  Listitution,  was 
first  described  by  Dr.  Biley,  who  says,  "  The  form  of  this  am'mal  is 
so  striking  and  peculiar,  that  the  majority  of  observers  have  dis- 
agreed not  only  as  to  its  genus,  but  even  as  to  its  class ;  for  by  the 
generality  it  has  been  pronounced  a  Saurian."  ^ 

However,  he  rightly  determined  its  zoological  position,  and 
pointed  to  its  affinity  with  the  Bays  in  most  of  its  characters,  and 
to  the  true  Sharks  in  some  others.  Hence  his  generic  name  of 
Squioloraia. 

Prof.  Agassiz  subsequently  examined  the  specimen,  and  gave  a 
description  of  it,  illustrated  by  two  fine  plates,  in  his  great  work  on 
Fossil  Fishes.'  He  there  corrects  the  error  which  Dr.  Biley  haul  made 
in  supposing  that  the  prolongations  in  front  of  the  head  were  the 
jaws  of  the  animal,  whereas  they  formed  but  a  snout  analogous  to 
that  of  the  genus  PrUtiophonu.  Agassiz  adopts  Dr.  Biley's  name 
for  the  genus,  instead  of  that  of  SpinacorhinvM,  which  he  had  pre- 
viously proposed  for  it 

Another  fine  example  of  this  interesting  fossil  fish  (PL  IV. 
Fig.  1),  also  from  the  Lias  of  Lyme  Begis,  has  just  been  secured  for 
the  Nfi^onal  Collection  through  the  interest  of  Sir  Philip  EgertoHi 
one  of  the  Trustees,  and  the  Earl  of  Enniskillen,  which  has  served 
to  throw  some  light  upon  what  was  previously  obscure  as  to  the 
true  nature  of  the  terminal  prolongations  of  the  head.  As  the  object 
of  this  paper  is  solely  to  direct  attention  to  these  "  prolongationB,'' 
it  may  be  advisable  to  reproduce  here  aU  that  has  been  advanced  in 

^  Oeol.  Trani.,  2nd  ler.,  toI.  y.,  p.  S3. 

>  Heoh.  PoiM.  Fo«.,  torn,  ill.,  p.  384,  tab.  42, 48. 
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regard  to  them  in  the  respective  desoriptions  of  the  before-named 
authors. 

Dr.  Riley  observes,  that  "in  front  of  the  'fontanelle*  are  two 
terminal  prolongations.      The  superior  has  been  fractured  at  its 
posterior  extremity,  and  thrust  backwards  as  far  as  the  anterior  edge    j 
of  the  orbits.     It  is  elongated,  conical,  flattened  posteriorly  and    J 
superiorly,  but  becomes  more  rounded  towards  its  anterior  extremity. 
Firmly  attached  to  its   superior  surface  are  many  of  the  smdl 
spines  already  noticed.     In  its  displacement  it  has   been  moved 
obliquely  backwards,  so  that  we  are  able  to  observe  the  superior  sur- 
face of  file  inferior  prolongation. 

''  This  prolongation  is  likewise  elongated  and  conical ;  its  length 
was  probably  greater  than  the  preceding,  for  its  anterior  extremity 
is  broken,  and  has  been  lost,  llie  superior  surfieu^e,  instead  of  being 
convex  like  the  former,  has  a  very  wide  and  superficial  groove,  the 
boundaries  of  which  are  the  edges  on  each  side,  elevated  into  a  cor- 
responding ridge. 

"  These  ridges  are  higher  and  wider  posteriorly  than  anteriorly. 

''  The  form  of  these  terminal  cartilages  in  the  BhinohaUu  is,  in 
their  essentials,  like  that  of  our  specimen."  ^ 

Agassiz  says,  ''  That  the  great  prolongation  of  the  anterior  part 
of  the  head  is  not  formed  by  the  jaws,  as  Dr.  Riley  thinks ;  it  is  a 
beak  (bee)  similar  to  that  of  the  Scies  (Pristis),  or  rather  analogous 
to  the  beak  of  the  genus  Frisiiophorua  of  MM.  Miiller  and  Henle. 
It  is  composed  of  two  parts,  the  lower  and  larger  one  depressed 
along  the  centre  in  such  a  way  as  to  be  able  to  receive  the  other, 
which  is  rounded.  Around  the  beak  one  sees  small  spines  similar 
to  the  *  boucles '  of  the  Rays."  * 

From  the  foregoing  extracts  it  is  evident  that  both  Prof.  Agassiz 
and  Dr.  Riley  considered  that  these  two  "prolongations"  formed 
one  beak  or  snout,  the  upper  united  at  the  "  depression  along  the 
centre"  to  the  lower.  Examples  in  the  National  Collection  show 
that  they  were  not  thus  united,  but  that  they  really  formed  two 
unconnected  processes. 

Upon  a  close  examination  and  study  of  the  head  of  the  new 
acquisition,  I  was  impressed  with  the  spine-like  appearance  and 
structure  of  the  upper  "  prolongation,"  and,  also,  although  it  now 
rests — but  somewhat  obliquely — upon  the  inferior,  that  it  was  origin- 
ally free  or  detached  from  it  for  the  larger  portion,  if  not  along  its 
entire  length ;  and  that  this  inferior  "prolongation  "  has  all  that  portion 
which  is  exposed  of  the  upper  surface  covered  with  the  dermal  in- 
tegument, which  integument  is  also  continuous  beneath  the  upper 
"  prolongation."  This  superior  process  is  bare,  with  the  exception  of 
the  radiated  tubercles  upon  its  upper  surface,  which  show  that  it  was 
a  true  external  surface,  and  not  covered  by  the  skin.  Referring 
to  Agassiz's  engraving  of  the  specimen  in  the  Bristol  Institution, 
and  which  appears  to  have  been  carefully  and  accurately  drawn, 
(the  head  of  which  has  been  reproduced  by  Mr.  Griesbach  upon 
the  accompanying  Plate  IV.,  Fig.    5,    from    Agassiz's    Poissons 

'  Geol.  Trans.,  2nd  *er.,  "vol.  >r.,  p.  84. 
'  fiech.  Poiss.  Foia.,  torn,  m.,  ^.  ^*l^. 
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FoBsUes,  tab»  ^),  I  found  these  obaraoters  even  more  marked; 
for  in  that  specimen,  as  observed  by  Dr.  Riley,  the  upper  pro- 
0888  doe&  not  lie  upon  the  lower,  and  this  is  cleariy  represented 
as  being  -wholly  covered  by  the  skin.  The  upper  is  also  shown 
18  having  more  of  a  bony  or  spine-like  structure.  In  both  examples 
the  position  of  the  spine  is  the  same ;  each  has  the  expanded  proxi- 
mal end,  and  the  same  general  form. 

This  close  i^eement  in  these  most  important  points  I  thought 
sufficient  to  prove  the  upper  process  to  be  a  true  spine,  articulated 
to  the  head  by  the  expanded  posterior  end,  and  that  the  line  of 
separatien  is  not  a  fracture,  as  Dr.  Siley  considered  it  to  be,  but 
a  tme  articular  end  or  basal  joint*  Also,  that  the  spine  is  not  (as 
■apposed  by  him)  '*  thrust  backwards,"  bui  occupies  its  normal 
position  upon  the  head. 

Nevertheless,  other  evidence  was  desirable  ta  confirm  and  satis- 
&otorily  establish  these  conclusions ;  and  this  evidence  was  for- 
tunately at  hand.  Among  some  unnamed  and  undetermined  portions 
of  fish  remains  from  the  Lias  of  Lyme  in  the  Museum'  were  three 
specimens  which  afforded  the  confirmation  required.  The  most 
important  of  these-  is  an  ''  inferior  prolongation  "  or  snout  (PL  lY., 
Fig.  2).  The  specimen  is  4^  inches  long,  rather  more  than  four- 
fifths  being  coverad  with  the  dermal  integument,  the-  anterior 
extremity  is  not  present,  the  inferior  surfiEice  is  embedded  in  the 
matrix,  whilst  the  upper  is  exposed  and  well  preserved.  At  the 
proximal  end  is  a  low  transverse  ridge,  which,  if  entire,  would  have 
been  about  three-fourths  of  an  inch  long,  unfortunately  only  the 
left  half  is  preserved :  the  front  is  slightly  rounded,  forming-  a  facet 
towhich  the  spine  was  articulated.  This  ridge  is  entire,  and  well 
marked  on  the  perfect  example  (PL  IV.,  Fig.  1  r.),  its  position' 
being  on  a  line  with  the  anterior  edges  of  the  orbits.  Extending 
from  this  ridge  to  the  brood  proximal  end  of  the  snout  is  a  car- 
tilaginous interspace  of  an  inch  in  length,  narrowest  in  the  middle, 
and  expanding  by  a  gentle  curve  towards  each  end ;  it  is  bare, 
and  has  a  rather  coarse  fibrous  structure  probably  for  the  attach- 
ment of  the  muscular  tissue  which  connected  it  with  and  served 
to  elevate  the  spine  above  (PL  IV.,  Fig.  2  i.).  On  the  pos- 
terior half  of  this  interspace,  which  is  the  nasal  continuation  of  the 
cranial  cartilage,  is  a  short  median  crest  at  right  angles  to  the 
transverse  ridge  already  mentioned,  and  in  junction  with  it;  it 
divides  about  the  middle  of  the  interspace,  and  ultimately  forms  the 
two  long  cartilaginous  processes  which  together  form  the  snout, 
similar  to  that  of  Bhinobatm,  These  are  round  on  their  upper  sur- 
face, but  have  a  thin  keel  on  their  inner  or  opposing  sides ;  that  they 
are  not  connected  by  cartilage  is  shown  where  portions  of  the  upper 
skin  have  been  displaced,  for  we  there  see  that  the  dermal  layers  are 
actually  in  contact.  Anteriorly  these  processes  are  nearly  uniform 
in  height  and  thickness,  until  they  approaoh  the  proximal  end,  where 
they  curve  gently  outwards,  rising  into  two  lateral  ridges,  which 
again  contract  as  they  curve  downwards  and  inwards,  and  terminate 
on  either  side    of   the  interspace  (Fig,  2  e.).      Tke  E\aii  'w\^<;^ 
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covers  the  snont  oommenoes  on  the  inside  of  these  ridges,  and  is 
there  ooeo'sely  rugose. 

The  next  specimen  to  be  noticed  is  a  detached  rostral  spine  (PL  IV^ 
Fig.  d).  It  is  five  inches  long,  and  lies  on  its  side  in  the  matrix: 
the  lateral  expansions  of  the  posterior  end,  and  consequently  the 
articulating  surfaces,  are  destroyed ;  otherwise  it  is  well  preserved. 
The  posterior  half  is  straight,  tlie  anterior  half  rises  upwards  by  a 
gentle  curve  to  the  apex.  I  assume  this  to  be  the  normal  form  of 
the  spine ;  if  so,  it  is  important,  as  proving  that  it  could  not  have 
been  united  to  the  straight  snout;  and  also,  that  the  examples  whidi 
are  in  place  on  the  head  (PL  lY.,  Figs.  1  and  5)  have  been  straight- 
ened by  vertical  pressure.  On  either,  side  is  a  groove,  which  extends 
from  the  base  nearly  to  the  anterior  end ;  probably  a  vascular  canaL 
The  inferior  surface  is  slightly  rounded,  excepting  a  small  portion 
of  the  proximal  end,  which  is  flat  or  very  shallowly  depressed.  It  is 
well  ossified,  and  has  the  radiated  tubercles  isolated  and  irregularly 
disposed  upon  its  upper  surface,  most  numerous  at  the  posterior  end, 
whence  they  become  more  sparse,  and  also  smaller,  imtil  they  finally 
disappear  at  a  short  distance  from  the  apex. 

The  position  of  this  spine  on  a  Plagiostomous  fish  was  anomalous^ 
and  the  purpose  to  whidi  it  could  be  applied  difficult  to  determine, 
as  I  knew  of  no  analogue  among  this  order  of  fishes.  For  althou^ 
its  form  and  structure  might  suggest  its  having  been  an  organ  of 
defence,  yet  the  position  upon  the  head,  and  its  manner  of  attach- 
ment, which  could  only  allow  of  its  elevation  at  a  low  angle, 
and  therefore  but  litUe  above  the  plane  of  the  lower  and  longer 
snout,  would  preclude  its  having  been  applied  to  such  use.  I 
determined  therefore  to  submit  the  specimens,  and  the  views  I  had 
arrived  at  respecting  them,  to  Dr.  A.  Gfinther,  F.R.S.,  of  the  Zoolo- 
gical Department,  British  Museum.  After  careful  examination 
he  confirmed  my  conclusions,  and  added  that  the  analogue  was  to  be 
found  in  the  Chimarida ;  and,  moreover,  that  the  specimens  were  the 
remains  of  males,  and  that  in  all  probability,  sooner  or  later,  the 
female  would  be  found.  This  valuable  suggestion,  for  which  I  am 
much  indebted  to  Dr.  Giinther,  cleared  up  a  difficulty  I  had  experienoed 
in  placing  the  third  of  the  before-mentioned  specimens  with  the 
present  genus  (see  PL  IV.,  Fig.  4) ;  for  although  it  has  the 
general  form  and  character  of  the  head  of  SqualoraicL,  it  baa  no 
indication  of  ever  having  possessed  a  spine,  as  there  is  no  transverse 
suture,  nor  ridge  for  its  articulation ;  and  the  part  corresponding  to 
the  interspace  in  the  male  is  covered  by  the  skin,  which  is  unbroken 
from  the  occipital  region  to  the  end  of  what  remains  of  the  snout; 
this  is  imperfect,  the  anterior  extremity,  as  in  all  the  other  specimens 
that  have  come  imder  my  notice,  being  absent.  The  cartilaginous 
processes  which  form  its  boundaries  are  extremely  slender,  mere 
threads,  possibly  suggestive  of  considerable  flexibility;  and  the 
snout  (judging  from  what  remains  of  it)  is,  relatively  to  the  head, 
much  smaller  than  in  the  male.  A  considerable  portion  of  the 
cranial  cartilage  is  preserved,  and  also  a  part  of  the  left  orbit. 
The  entire  length  is  4^  inches ;  from  the  occiput  to  the  expanded 
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Ttioa  of  the  snout  it  meaaures  2#  inches,  the  snout  being  2^  inohes 
Qg.  Dr.  Gunther  considered  this  specimen  to  be  most  probably 
e  remains  of  the  head  of  the  female. 

That  the  dermal  integument  was  extended  on  either  side  from 
e  head  to  the  anterior  extremity  of  the  snout,  so  as  to  form  a  coni- 
1  beak  or  "  cutwater/'  as  in  Bhinchatus^  is  eyidenoed  by  portions 

the  skin  being  preserved  in  front  of  the  head  (Fig.  1),  and  also  a 
lall  portion  on  the  detached  snout.  As  we  hare  already  observed, 
d  rostral  cartilages  are  much  more  robust  in  the  male  than  in  the 
inale ;  and  especially  that  there  is  in  that  of  the  former  a  deep 
pression  at  the  posterior  end  for  the  reception  of  the  spine. 
it  is  obvious  fh>m  these  characters  that  the  snout  was  capable  of 
Karing  a  considerable  amount  of  resistance  to  the  spine,  assuming 
at  the  functions  of  the  latter  subserved  the  same  purpose  as  its 
alogue  on  the  head  of  the  ChirmBrida  ;  a  feasible  assumption,  from 
e  fact  that  there  are  no  indications  of  the  powerful  claspers  that 
e  possessed  by  the  males  of  most  species  of  the  Bays,  neither  in 
e  Bristol  specimen,  as  noticed  by  Dt.  Riley,  nor  upon  that  in  the 
ritiBh  Museum ;  and,  also,  that  there  are  attached  to  the  cartila- 
Qoos  processes,  on  either  side  of  the  snout,  a  number  of  tubercles 
iih  recurved  booklets ;  and,  moreover,  that  similar  tubercles  line 
e  inner  sides  of  the  hollow  formed  by  the  ridges  at  its  base  (Fig.  1  A.) . 
le  spine  has  also  three  or  four  of  these  hooked  tubercles  adhering 
its  sides ;  they  were  probably  more  numerous  originally,  but  have 
come  detached  by  maceration.  This  armature  was  as  well 
apted  for  the  firm  retention  of  the  female  as  the  analogous  hook- 
B  of  the  rostral  claspers  of  the  Chimctrida} 
Bat  whatever  the  functions,  the  possession  of  this  rostral  spine  is  a 
culiar  feature,  at  present  utterly  unknown  €U9  occurring,  even  in 
mdimentary  form,  in  any  other  recent  or  extinct  Shark  or  Kay. 
id  it  may  ultimately  prove  to  be  of  more  than  generic  distinction 
long  the  Baiida. 

The  short  and  numerous  vertebras  are  also  characteristic.  In  the 
-istol  specimen  the  vertebral  column  is  imperfect;  nevertheless,  Dr. 
ley  counted  260  vertebrae,  which  he  thus  apportioned :  cervical  28, 
rsal  143,  caudal  90.  That  in  the  British  Museum  has  the  spinal 
lumn  nearly  entire,  only  the  extreme  end  of  the  tail  is  missing, 
is  12  inches  long,  and  has  370  vertebrsd;  they  cannot  be  apportioned 
th  oertainty  on  account  of  the  absence  of  the  transverse  elements 

the  scapular  arch,  but  there  are  about  150  between  the  occiput 
d  the  pelvis ;  not  quite  so  many  as  Dr.  Biley  assigns  to  the  cervical 
d  dor»sd  regions.  Near  the  lumbar  region  of  the  back,  where  the 
rtebrao  appear  to  be  the  largest,  there  are  31  in  the  length  of  one 
oh,  and  35  in  the  same  space  in  the  tail,  so  that  when  entire  the 
imber  probably  exceeded  400.    This  specimen  is  in  some  respects 

^  It  is  an  interestiiiff  fiict  in  connexion  with  oar  subject,  that  Squahraia  and  a 
immrM  species  {Ischyodut  crthorhin%u,  Egeri),  in  which  this  organ  attained  its 
xinram  deyelopment,  were  contemporaries,  both  being  found  in  the  same  Lisa 
MMdt  at  Lyme  Itegis.    See  a  Paper  on  a  '*  myr  Chimffiroid  ¥\fth,**  \)3  ^vc  '^^^^ 
iertoiv  Quart  Jonm.  OeoL  800,  vol  xxwiu,  p.  276,  pi.  xui. 
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superior  to  the  type  example  at  Bristol,  notably  ia  tiie  more  perfect 
oondition  of  the  Tertebral  colamn ;  the  jaws,  covered  with  pits  for 
the  attachment  of  numerous  and  mimite  teeth,  are  present;  they 
commence  a  little  in  front  of  the  outer  edge  of  the  orbits,  have  a 
slight  forward  bend,  and  probably  meet  beneath  the  snout  at  the 
distance  of  half  an  inch  from  the  transverse  ridge ;  none  of  die 
teeth  are  present.  The  lateral  nasal  cartilages,  connecting  the  head 
with  the  pectoral  fins,  are  well  conserved,  but  of  these  fins  there 
are  no  remains  ;^  a  part  of  the  left  ventral  fin  joined  to  the  pelvic 
girdle  is  however  present  (PI.  IV.,  Fig.  1  v.).  Its  entire  length  is 
19  inches,  the  head  and  snout  together  measuring  7  inches. 

In  conclusion,  I  would  suggest  that  possessors  of  undetermined 
portions  of  Lias  fish  remains  should  carefully  examine  the  same,  and 
possibly  other  parts  may  be  found  which  may  help  to  give  further 
information  as  to  the  organization  of  this  singular  and  interesting 
fish. 

EXPLANATION     OF    PLATE    IV. 

tSquahraia  polytpondyla^  AoASSiz. 

Fig.  1.  An  almost  entire  example  ef  a  male  indiyidaal. 
Fig.  2.  Detached  roetrnm  of  anotker  male  indiTidoaL 
Fig.  3.  Detached  rostral  spine  of  a  male. 
Fig.  4.  Detached  head  and  rostrum  of  a  female. 

Fig.  6.  Head  of  orimnal  specimen,  described  by  Dr.  Biley  and  Prof.  Agasni,  copied 
from  table  42  of  Agassiz's  Poiss.  Foss. 
The  aboTe  are  all  from  the  Lias  of  Lyme  Begis,  Dorset,  and  are  drawn  of  the 
natural  size. 

JPigs.  1 — 4  are  preserved  in  the  British  Mnsenm. 


IT. — On  some  Ck)NiPER0us  Eemains  from  the  Lithogbaphio  Stojjb 

OF   SOLENHOFEN. 
By  W.  T.  Thiselton  Dyeb,  B.A.,  B.Sc,  F.L.S. 

I.  Araucarites  Haherleinii,  Dyer. 

The  Geological  Department  of  the  British  Museum  possesses  the 
fine  collection  of  fossils  from  the  Solenhofen  Oolites,  which  was 
formed  under  specially  favourable  circumstances  by  Haberlein.  Its 
importance  is  at  once  apparent  when  it  is  remembered  that  it  con- 
tains the  specimen  of  Archceopteryx  macrura,  described  by  Owen. 

The  collection  includes,  besides  the  vertebrata,  a  large  series  of 
more  or  less  perfectly  preserved  plant-remains.  The  greater  part  Of 
these  may  be  referred  with  some  degree  of  certainty  to  the  ConifersB, 
although,  with  the  rarest  possible  exceptions,  they  consist  merely  of 
foliage. 

I  have,  however,  I  think,  without  doubt,  determined  amongst 

^  In  the  Upper  Oolite,  or  Lithographic  Stone  of  Solenhofen,  and  elsewhere,  remains 
of  many  species  of  Bays  are  found,  some  of  lar^e  size,  in  which  the  fin-rays  and  the 
dermal  covering  are  perfectly  conserved.  There  is  in  the  British  Mnsenm  an  example 
of  a  small  species  {Sguatina  tpeeiosa^  y.  Mey.)  from  the  above  locality,  in  which  these 
parts  are  beautifully  preserved.  They  are  also  found  in  a  nearly  equal  state  of  pre- 
servation in  a  fisfiile  limestone  of  Cretaceous  age  in  the  Lebanon;  and  of  which 
there  are  some  good  examples  in  the  collection. 
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Am  Boales  of  an  Aranoarian  cone.  For  XbSa  detemiinadon  I  oftooot 
eUm  nnnh  credit ,-  the  HOttlea 
tn  K  dmilar  in  Btmotara  to 
bw  from  tbo  Stoneefleld  ^ 
fiite,  of  whioh  Sir.  Gflrmthera 
nmted  out  tlie  tme  nature 
btee  jtKm  ago,'  that  a  glanoe 
•u  loBoient  to  asoertfun  what 
bej  were.  In  the  aooompany- 
^  woodont  (Figa.  1-^)  the 
lies  from  Solenhofen  are 
nm  of  the  same  size  as  the 
nginal  specimens.  A  few 
tvds  of  explanation  as  to  the 
meial  stnictare  of  the  scales 
I  Aravcaria  will  make  the 
^tnea  more  intelligible. 
If  we  examine  a  oone  of  some 
]  of  Pinua,  especially  in 


Arauetritu  E^trUmU,  Djar. 


)  yonng  state,  we  shall  snooeed  in  making  out  two  distinot  sets  of 
ales.  The  scale,  in  fact,  which  oltimately  has  the  seeds  attached  to 
ia  subtended,  as  it  were,  below  by  another  scale  which  beaiB  no 
eds.  This  is  generally  termed  the  bract-soole,  and  is  in  soma 
stances  more  or  less  leaf-like.  These  braot-scalea  are,  homologi- 
lly,  the  leaves  belonging  to  the  axis  of  the  oone.  But,  since  it  is 
ithout  parallel  in  the  vegetable  kingdom  that  the  same  axis  should 
ar  two  sets  of  leaves,  one  set  in  the  axils  of  the  others,  it  follows 
at  the  seed-bearing  scales  do  not  belong  to  the  primary  axis  of  the 
ne  at  all.  They  must  belong,  therefore,  to  secondary  axes  spring- 
g  from  the  axils  of  the  bracts.  We  may  account  for  the  apparent 
leence  of  these  secondary  axes  in  one  or  other  of  two  ways.  They 
ay  give  off  the  seed-bearing  scale  as  a  leaf,  and  be  in  aU  other 
speota  wholly  abortive ;  or  they  may  exist,  confluent  with  a  pair  of 
ives,  in  the  seed-bearing  scale  itself.  There  are  facts  which  lend 
emselves  to  the  support  of  this  last  view  as  most  probable. 


ArnuariUt  ipharoearptu,  Curnthen.* 
I  Gboi.  Ttia.,  1S69,  p.  3. 
>  {■)  ii  s  redac«d  representation  of  the  whole  oooe ;  (e)  ii  ■ 


•A,  1S7J,  p.  641. 
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In  Araucaria  there  is  at  first  sight  the  peoalMirit;^  that  the  mkIm 
borne  bv  the  primary  axis  of  the  cone  are  themeelvee  thoee  whiohoui; 
thesiagieBeeds(BeeFig8.4&.  andfi).  This  is  an  important  difiareaoe;^ 
the  scales  of  the  primary  axis  bear  the  seeds,  then  thone  botaniata  iriio 
lefose  to  admit  the  existeaoe  of  a  oarpellar;  covering  distinct  from  the 
seed-bearing  scale,  would  be  obliged  to  r^ard  the  whole  oone  aa  eqni- 
Tslent  to  a  sinffle  flower.  If,  however,  the  seeds  are  borne  in  the 
leaves  of  seoondar;  axes,  the  cone  must,  on  any  view,  be  looked  npoa 
as  an  infiorescence.  Frofeseor  Dickson  has,  I  think,  shown*  tliat 
the  stmatuTO  of  the  Aranoarian  oone  corresponds  willi  that  of  Pisui 
the  difference  being  that  in  Aravearia  tJie  two  scales  are  oonflooiL 
The  combined  sc^  has  a  more  or  less  well-marked  double  apei 
which  is  shown  very  evidently  on  Figs.  46.  and  6 ;  the  meaning  of 
ttus  on  any  other  thut  Professor  Dickson's  view  is  inexplicable. 


Fig.  5.  Longitadinal  Seetion  a(  Seals  of  A 

The  genus  Araucaria  has  been  divided  into  two  seoliana;  in 
CoUmhea  the  scales  are  deetitnte  of  the  winged  margin,  which  ii 
characteristic  of  Etdaeta.  The  two  species  of  Araueariia*  which 
Ur.  Oarrathers  has  founded  apon  scales  from  the  Lower  Oolite  both 
belong  to  the  latter  section.  To  this  most  also  be  referred  the  Uj^ei 
Oolite  speaiea  from  Solenhofen.  At  first  sight  it  might  be  Bnpposed 
that  the  inner  outline  shown  In  Figs.  1-3,  belonged  to  tlie  upper  <xt 
seed-bearing  scale.  This,  however,  cannot  certainly  be  oonduded, 
as  it  only  marks  the  commencement  of  the  wing.  1^.  2  shows  the 
apiculus  or  minute  &ee  portion  of  the  upper  scale  (lepiditaa  of 
descriptions). 

The  Solenhofen  scales  exhibit  very  evidently  the  remcuns  of  the 
fibro-vascular  bundles;  they  can  only  be  demonstrated  in  recent 
scales  by  maceration.  It  would  therefore  seem  that  the  scales  must 
have  undergone  a  considerable  amount  of  decay  before  final  inclo- 
sure  in  the  material  of  their  present  matrix.  Zuccarini  *  has  studied 
the  arrangement  of  these  bundles.  According  to  his  observations, 
in  the  seed-bearing  scales  of  Pi'nua  "  the  rays  proceeding  from  the 
principal  vascular  fasciculus  convei^  again  towards  the  apex,"  and 
present  a  distinctly  dichotomous  arrangement  (p.  36).  Tlie  dicho- 
tomy, however,  takee  place  in  Piuvn  dose  to  the  bottom  of  the  scale, 

>  Edin.  Vvw  Phil.  Jouni.,  IBSl,  pp.  19S,  199. 

*  tfjoj.  Xao.,  1966,  p.  2A1.  ■  Bsif  Boo.  Bep.  ud  Fap.,  IMfi. 
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10  thai  it  in  traversed  by  simple  carved  veins  oonverging  at 
ika  apex.  Bat  in  Sciadapitya  it  appears  from  one  of  Zuooarini'B 
tgaiee  (t.  3,  f.  7)  that  the  dichotomy  is  not  confined  to  sach  narrow 
oniti  aa  in  PinuBy  and  that  conseqaently  forked  veins  occur  higher 

^  in  the  scale.    This  was  to  some  extent  apparently  also  the  case 

11  the  Solenhofen  scales. 
Mr.  Garrnthers  has  named  his  species  after  the  persons  from  whose 

wUaoticms  he  has  described  them.    I  shall  follow  his  example  in 

ittnrhing  the  name  of  Haberlein  to  the  species  from  Solenhofen. 
Araueariie9  {Euiacta)  H&berleinii,  Dyer,  n.  sp. — Strobili  squamis 

hto  obovatis  vel  subrhomboidalibas   abrapte   aoaminatis,  lepidio 

hrasiimo^  nervia  leniter  corvis  demam  forcatis. 


m. — Om  the  Climate  of  the  Post-Olaoial  Febiod. 

Bj  S.  y.  Wood,  Jun.,  F.O.S. 

Fhas  been  generally  assumed  by  geologists  that  the  climate  of  the 
period  which  followed  the  elevation  of  the  Qlacial  beds  was  one 
of  gradual  amelioration  frx)m  a  rigorous  to  a  mild  one.    The  Rev.  0. 
FUher  some  time  since,  however,  in  describing  certain  appearances 
presented  by  some  superficial  sections  which  he  denominated  "Trail,"  ^ 
nggested  tiiat  they  were  due  to  a  second  period  of  cold,  which  he 
ii^;arded  as  having  occurred  between  100,000  and  200,000  years 
back.     Without  adopting,  in  all  respects,  the  views  of  Mr.  Fisher,  I 
yet  think  that  the  facts,  as  far  as  yet  known,  point  to  the  conditions 
of  climate  during  the  Post-glacial  period  havmg  been  the  reverse  of 
what  has  been  generally  assumed  with  respect  to  them ;  and  I  pro- 
pose here  to  give  some  reasons  for  that  idea. 

1.  The  Oeological  evidence. — Speaking  for  the  Eastern  side  of 
England,  as  that  which  has  more  particularly  come  under  my  notice, 
there  seems  to  be  an  absence  of  any  evidences  of  ice-action  during 
the  emergence  of  the  land  from  the  Qlacial  sea.  If  masses  of  shore- 
ice,  such  as  now  gather  in  winter  round  the  coaste  of  Labrador  and 
Hudson's  Bay,  and  even  in  the  Gulf  of  St.  Lawrence,  had,  during 
this  submergence,  accumulated  in  the  numerous  inlete  and  channels 
formed  by  the  partially  emerged  rocky  districts  of  the  North  of 
England,  and  of  Scotland,  such  ice  travelling  southward  in  summer 
would,  we  might  expect,  have  passed  over  the  lower  and  therefore 
not  yet  emeiged  countir  of  East  Anglia,  and  have  plentifully  be- 
strewn it  with  some  oi  those  blocks  that  in  millions  cover  the 
surface  of  the  Glacial  drift  of  these  rocky  districts;  but  I  have 
never  met  with  a  boulder  in  East  Anglia  whose  presence  may  not  be 
traced  to  weathering  from  the  Glacial  clay  beneath  it,  or  to  the 
lenudation  from  the  place  of  ite  occurrence  of  Glacial  clay  in  which 
[t  was  once  embedded. 

This  negative  evidence  is  not,  however,  altogether  satisfactory, 
because,  by  a  parity  of  reasoning,  we  should  expect  the  surface  of 
Eiast  Anglia  to  have  been  strewn  with  similar  blocks  by  ice  that 

^  Quart  Journ,  Oeol  Boc,,  vol  ixiL,  p.  668;  Gbol.  Maq.,'Vo\.1N«,^.\^. 
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'  drifted  from  the  Bame  mountainoas  distriots  during  the  late  part  of 
the  Glacial  period  itself,  when,  the  continental  ice  to  which  tha 
Glacial  clays  are  due  having  passed  away,  these  districts  had  become 
an  archipelago  in  which  the  boolder-sands,  boulder-beds,  and  boolder- 
earth,  which  constitute  the  Glacial  drift  of  these  mountain  districts, 
were,  according  to  my  view,  accumulated ;  but  we  do  not  find  evi- 
dences of  such  a  distribution  of  surface-blocks  in  East  Anglia.    It 
is,  however,  quite  conceivable  that  these  last  results  of  the  ice-actioQ 
of  the  Glacial  period  were  altogether  removed  by  the  oonsiderablo 
denudation  to  which  the  sea-bottom  must  have  been  exposed  during 
its  emergence.    As  a  rule,  all  large  areas  from  which  the  Gladal 
beds  have  been  removed  by  Post-glacial  denudation  are  thus  desti- 
tute of  boulders.     Such,  for  instance,  is  the  case  with  the  Great 
Valley  of  the  Thames,  the  eastern  part  of  which,  having  its  northern 
heights  crowned  by  Glacial  clay,   is  proved  to  have  been  once 
covered  by  the  Glacial  sea ;  ^  but  in  which,  as  also  in  the  wide  sheet 
of  Post-glacial  gravel  that  occupies  the  lower  part  of  the  valley,  no 
boulders,  save  those  in  the  Grays  brickearth  alluded  to  in  the  sequel, 
occur.    It  can  hardly  be  denied  that  into  such  valley,  so  far  as  it  had 
then  come  into  existence,  some  of  the  winter-formed  ice  issuing  in 
summer  from  the  half-emerged  vsdleys  and  glens  of  the  mountain 
districts,  and  drifting  southwards,  would  be  carried  by  the  tide,  and 
distribute  blocks,  if  at  that  time  the  climate  of  these  districts  was 
such  as  to  generate  marine  ice. 

It  is  very  important,  in  this  question,  that  the  distinction  between 
Glacial-clay  and  Boulder-clay  should  be  kept  in  view.  Glacial-clay 
may  be  Boulder-clay,  or  be  nearly  destitute  of  boulders,  aocording 
to  the  nature  of  the  country  over  which  the  Glacial-ice  travelled 
before  shedding  at  its  seaward  termination  the  moraine  pro/onde,  to 
be  distributed  over  the  contiguous  sea-bottom  as  Glacial-day.  If 
that  country  be  a  rocky  one  like  the  North  of  England,  or  like 
Scotland,  boulders  abound  in  the  clay ;  but  if  an  extensive  area  of 
soft  strata  intervene  between  the  sources  of  the  ice- stream  and  its 
seaward  termination,  such  as  was  the  case  in  East  Anglia,  the  bulk 
of  the  resulting  Glacial-clay  consists  of  the  degraded  material  of  these 
softer  strata,  and  the  boulders  in  it  form  but  a  subordinate  feature. 
Where  this  kind  of  clay  lies  against  the  Chalk  Wold  of  Lincolnshire, 
it  is  nothing  but  reconstructed  chalk,  so  pure  as  to  be  burnt  for 
lime ;  and  generally  all  over  the  counties  south  of  the  Humber  and 
east  of  the  Trent,  the  Glacial-clay  is  principally  formed  of  rolled 
chalk,  with  boulders  only  sparsely  scattered  through  it  On  the 
other  hand.  Boulder-clay  produced  by  the  dropping  of  boulders  over 
a  sea-bottom  from  coast-ice,  without  the  presence  of  any  sea-termi- 
nated glacier,  with  its  submarine  terminal  moraine,  is  a  different 
thing,  presenting  none  of  that  glacially  degraded  material  which 
constitutes  the  mass  of  Glacial-clay.    In  the  East  of  England  we 

*  Until  the  objectiona  submitted  by  me  at  p.  92  of  Vol.  VIII.  of  this  Maoazinb 
to  any  other  than  a  submarine  origin  for  this  clay  are  removed,  I  assume  the  existence 
of  such  clay  on  the  heights  above  the  Thamoa  Valley  as  proof  of  the  Glacial  sea 
having  covered  them. 
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d  such  a  non-Glacial  clay  in  that  of  Hessle,  in  Torkshire,  and 

0,  as  it  appears  to  me,  in  the  Sonth  of  England  along  the  ooast  of 
siex,  about  Selsey  and  Bracklesham.^  Both  the  Hessle  and  the 
ssex  days  occnr  in  the  neighbourhood  of  the  ohalk  country,  and 
ght,  if  accumulated  under  similar  Glacial  conditions  to  the  Glacial- 
lys  of  East  Anglia,  to  be  similarly  constituted,  so  far  as  its 
neral  character  is  concerned,  which  is  not  the  case.  I  shall  refer 
the  sequel  to  both  these  clays,  which  seem  to  me  to  have  been  ao- 
molated  long  after  the  emergence  of  the  principal  part  of  the  land 
am  the  Glacial  sea,  and  long  after  the  Glacial  period  proper  had 
ined  away ;  and  to  furnish  evidence  of  a  return  to  cold  conditions 
ter  a  period  of  warmth,  during  which  Northern  Europe  became 
xsked  by  the  great  Mammalia. 

2.  The  PalcBontological  evidence, — It  is  well  known  that  Northern 
nope  and  Asia  were  inhabited,  after  the  emergence  from  the  Glacial 

1,  by  various  species  of  large  mammalia,  and  notably  by  several 
Boies  of  the  genera  Elephas,  Bhinoceroe,  and  HippopotamuSy 
lose  living  congeners  inhabit  exclusively  hot  countries.  The  oc- 
MBnce,  in  a  frozen  state,  in  Siberia,  of  individuals  belonging  to 

0  out  of  these  genera,  clad  in  a  coat  of  hair,  seems  to  have  led 
^legists  to  the  conclusion  that  these  pachydermata,  as  well  as  the 
ve  Lion,  were  specially  adapted  for  a  cold  climate ;  and  that  their 
tinction  before  the  historical  period,  all  over  Europe,  and  Central 

1  Northern  Asia,  must  have  been  due  to  some  other  cause  than 
it  of  inclemency  of  climate ;  and  the  favourite  hypothesis  seems 
have  been  that  they  owed  their  extinction  to  the  attacks  of  Post- 
bdal  man,  whose  implements  are  not  unfrequently  associated  with 
ap  remains  in  Post-glacial  deposits.  A  little  reflection  will,  how- 
yr,  I  think,  show  that  much  improbability  attaches  to  this  idea. 
Africa  has  been  from  the  remotest  historical  times  peopled  by 
merous  inhabitants,  and  to  these  the  use  of  iron  seems  long  to 
ve  been  known ;  but  until  the  ivory  hunters  with  fire-arms,  and 
ire  recently  with  rifles  and  explosive  bullets,  began  to  persecute 
)m,  the  African  pachydermata  seem  to  have  maintained  their 
mbers.  Similarly  the  civilization  of  Southern  Asia  is  very  ancient, 
d  the  use  of  metals  probably  dates  back  there  severed  thousand 
ITS ;  but  what  have  the  civilized  Asiatics  with  the  accessories  of 
(tal  weapons  and  of  the  domesticated  horse  done  towards  extermin^ 
ng  the  Asiatic  pachydermata  and  great  felines  ?  Modem  sportsmen 
th  their  destructive  weapons  have  done  more  towards  this  in  half 
»ntury  than  has  been  done  during  thousands  of  years  of  antecedent 
dlization.  Are  we  then  to  suppose  that  thousands  of  years  before 
s  civilization  even  commenced  (and  when  no  doubt  similar  un- 
'ilized  races  existed  in  Southern  Asia  and  in  Africa  to  exterminate, 
they  could,  the  great  mammalia  of  those  regions  also)  the  scattered 
bes  of  men  who  managed  to  exist  along  the  shores  and  rivers  of 
irope,  and  of  Northern  and  Central  Asia,  exterminated  with  their 

Brought  to  notice  by  Mr.  Godwin-Ansten.    See  Quart  Joum.  Gcol.  Soo.,  toI. 
.,  p.  65.    Like  tke  Hessle,  the  Sussex  Clay  contains  numerous  chalk  fra^enta^ 
is  quite  different  £rom  chalky  Oiaeial  day. 
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feeble  weapons  of  bone  and  flint  the  gigantic  paobjdermata  and 
felines  of  the  Post-glacial  period  ?  Fancy  attaching  a  rhinoceros, 
whose  hide  will  turn  a  rifle  bullet,  with  a  flint  hatchet  or  a  bone 
skewer!  Contriyanoes  of  various  kinds  have  probably  been 
employed  by  the  Asiatics  and  by  Africans,  from  time  immemorial, 
for  ensnaring  these  animals;  but  no  appreciable  effect  in  diminishing  - 
their  numbers  seems  to  have  resulted.  Yon  Wrangel  describes  the 
soil  of  Siberia  as  having  teemed  with  the  bones  and  tusks  of  the 
elephant,  before  it  had  been  so  much  ransacked  by  the  ivory  hunten; 
and  he  mentions  that  in  some  islands  of  the  Arctic  Sea,  wMch  lie  off 
the  Siberian  coast,  forest  beds  occur  full  of  elephiuitine  rexnaini 
which  are  now  beyond  the  limit  of  arboreal  vegetation,  and  where 
now  a  moss-covered  soil  only  exists,  forming  a  favourite  haunt  of  the 
reindeer.  No  one  who  reads  his  account  of  the  few  wandering  tribes 
that  now  inhabit  the  Siberian  wastes,  and  which  seem  to  be  in  a  con- 
dition scarcely  superior  to  that  of  the  Post-glacial  bone  and  flint 
implement  races,  can  suppose  that  they  exterminated  the  great  herds 
of  elephants  that  once  roamed  over  Northern  Asia,  for  they  oanae  no 
diminution  in  the  numbers  of  the  easily-vanquished  herds  of  reindeer, 
which  they  attack  and  slaughter  while  crossing  the  rivers,  sinoo 
these  return  again  in  equal  numbers  another  year. 

Mr.  Dawkins  has  pointed  out  that  the  remains  of  the  reindeer 
occur  in  certain  Post-glacial  deposits  only,  and  more  particularly  in 
those  of  the  caves,  and  that  with  them  are  associated  the  remains  of 
the  more  recent  species  of  extinct  pachydermata ;  and  reasoning  from 
the  habits  of  their  living  analogues,  we  may  without  qualification 
assert  that  conditions  which  would  be  essential  for  the  subsistence  of 
the  pachydermata  would  be  unfavourable  for  the  reindeer,  and  vim 
versa.  The  reindeer  subsists  principally  on  a  moss,  which  grows 
rapidly  over  the  frozen  soil  of  the  regions  skirting  Uie  Arctic  Sea, 
upon  which  arboreal  vegetation  will  not  exist,  retiring  from  these 
mossy  wastes  to  the  woody  regions  for  a  season  only ;  and  no  large 
herbivorous  animal,  except  the  musk  ox,  is  able  to  sustain  life  in  the 
regions  that  are  peculiarly  the  haunts  of  the  reindeer.  The  rhino- 
ceros and  elephant,  on  the  other  hand,  require  an  arboreal  vegetation 
for  their  support,  and  are  never  away  from  it;  and  however  the 
hippopotamus  may  have  struggled  against  them  during  its  decline^ 
we  can  scarcely  suppose  that  it  could  ever  have  been  tempted  to 
migrate  into  a  region  of  frozen  rivers,  or  to  abandon  the  abundant 
feeding  ground  afforded  by  the  banks  and  swamps  of  warm 
southern  rivers  for  the  frozen  and  barren  wUdemesses  frequented 
by  the  reindeer. 

The  question  then  arises,  how  do  we  come  to  And  the  remains  of 
such  incongruous  animals  in  association  in  Post-glacial  deposits? 
The  answer  appears  to  me  to  be,  that  when  the  pachydermata  spread 
themselves  over  Northern  Europe,  after  the  Glacial  period,  the 
climate  was  mild  and  equable ;  and  that  it  was  owing  to  a  subsequent 
and  late  Post-glacial  refrigeration  that  the  reindeer  coming  from  the 
North  overran  the  country  thus  already  occupied  by  the  great  mam- 
malia;  and  that  these  latter,  as  the  cold  gradually  progressed,  adapted 
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tbeinselTeB  as  best  they  could  to  its  adverse  influence,  until  this  even- 
tually  brought  about  their  extinction ;  the  assumption  of  a  hairy  coat 
bnng  merely  one  of  those  efforts  to  protect  itself  whioh  nature  helps 
aninuJB  to  make.  Doubtless  the  pachyderms  for  a  long  time  re- 
sisted these  influences  by  a  southward  migration  during  winter,  when 
their  plaoee  were  taken  by  the  reindeer,  whioh,  in  its  turn  retiring 
northward  in  the  summer,  gave  place  during  that  season  to  the 
ptohyderms ;  and  in  this  way,  probably,  their  bones  have  become 
intermingled  in  Post-glacial  deposits.  But  this  southerly  migration 
of  the  pachyderms  being  limited  in  Europe  by  the  Mediterranean 
and  Black  Seas,  and  in  Asia  by  the  great  mountain  chains  that  stretch 
aorosB  the  centre  of  that  continent,  would  only  afford  relief  so  long 
tt  the  oold  did  not  necessitate  their  more  southerly  retreat.  The 
nme  kind  of  problem  seems  presented  to  us  by  North  America, 
where  the  Tapir,^  found  fossil  in  Carolina,  but  now  confined  to  the 
south  of  the  Panama  Isthmus,  once  ranged ;  and  where  the  larger 
ftlinee,  which  abound  in  the  southern  part  of  North  America,  decline 
to  follow  their  prey  into  the  inclement  region  of  the  nortL 

Mr.  Dawkins  has  dwelt  upon  the  absence  of  reindeer  remains 
from  those  older  Post-glacial  formations,  such  as  the  Briok-earths  of 
the  eastern  valley  of  the  Thames,  and  of  Cl«icton,  which  yield  a 
mammaliau  fauna  with  a  somewhat  older  facies  than  the  generality  of 
the  Post-glacial  deposits,*  and  with  which  fauna  the  river  shell  Cyrena 
fluminalis  occurs  in  association.      He  has  indeed  insisted  that  the 
mammalia  of  these  formations  indicate  an  even  warmer  climate  than 
now  prevails  in  Britain  ; '  and  so  much  was  he  impressed  with  this, 
and  with  the  older  facies  presented  by  the  remains,  that  he  at  first 
assigned  a  Pre-glacial  age  to  the  formations  in  question,     lliis  view 
of  their  age  he  has  since  relinquished,*  but,  with  the  exception  of 
the  occurrence  of  some  remains  of  the  Musk-ox,  the  inference  he 
drew  as  to  the  warmer  climate  and  older  palsBontological  aspect  pre- 
sented  by  the   group   of  mammalia  yielded   by  these   formations 
remains,  so  far  as  I  know,  untouched.     These  formations,  I  have 
endeavoured  elsewhere  to  show,*  seem  to  me  to  have  been  accumu- 
lated about  that  middle  stage  of  the  Post-glacial  period  when  condi- 
tions of  climate  adequate  to  produce  ice,  capable  of  the  transport  of 
blocks,  were  again  coming  upon  a  region  that  had  long  enjoyed  a 
temperate  climate.     If  we  look  at  the  distribution  of  the  existing 
species  of  Elephant,  Rhinoceros,  and  Hippopotamus,  we  see  that  their 
northerly  migration  into  the  regions  once  occupied  by  their  fossil 
congeners  is  prevented  by  the  Mediterranean  and  Black  Seas,  and  by 
the  lofty  and  snow-capped  mountain -ranges  which  stretch  from  the 
Black  Sea  to  the  southern  frontier  of  China ;  the  bridge  which  Capt. 

'  I  omit  the  Mastodon,  as  we  have  no  living  analo^e  of  that  animal  wherewith 
to  judge  of  Its  climatal  peculiarities. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  xiiii.,  p.  108;  vol.  xxiv.,  p.  615;  vol.  xxv.,  p. 
213.  The  presence  of  the  Me^^arhine  Kiiinoceros  seems  to  be  the  special  older  feature 
in  the  fauna  of  the  Eastern  Thames  Brickearths. 

»  Ibid.  *  Ibid.  vol.  xxv.,  p.  217. 

»  Ibid.  vol.  xxiii.,  p.  394.     Gbol.  Maq.,  Vol  III.,  pp. -67,  99,  ^4^,  «tTV^  ^^^. 
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Spratt  has  shown  ta  have  once  probably  existed  about  Malta,^  and  bj 
which  intercourse  between  the  two  continents  was  formerly  possible^ 
having  probably  disappeared  at  the  period  before  alluded  to,  when 
the  southerly  winter  migration  of  the  paohydermata  waa  arrested. 
Now  the  moUuscan  associate  of  the  great  mammalia  in  the  older 
Post-glacial  deposits  of  Britain,  Cyrena  fluminali$i  seema  to  be  cat 
off  from  Europe  and  from  Northern  Asia  by  nearly  the  same  barrion 
as  those  whidi  confine  the  great  paohydermata,  since  it  ranges  at  the    ] 
present  day  from  the  Nile,  through  Syria^  to  the  Himalayas  and    ; 
China ;  while,  so  far  as  is  yet  known,  this  shell  has  not  oocuned  in    ': 
this  country  in  association  with  Reindeer  remains. 

It  should  npt  be  forgotten,  in  this  question,  that  the  remains  of 
some  Coleopterous  insect43,  obtained  by  Mr.  Fisher  from  an  undoubted 
Post-glacial  deposit  at  Lexden  (and  from  which  as  yet  we  have  no 
occurrence  of  Beindeer  remains),  were  examined  by  Mr.  T.  T. 
WoIIaston,  F.L.S.,  who,  guarding  himself  from  a  decided  opinion  ai 
to  the  specific  identification  of  the  specimens,  states  that  from  two  of 
them  (especially  a  Cosstphus,  which  he  says  does  not  occur  north  of  the 
Pyrenees)  he  did  not  think  there  could  be  mudi  doubt  that  a  wanner 
temperature  than  at  present  obtains  was  indicated  by  the  forms  thu 
procured  by  Mr.  Fisher.'  If  Mr.  Wollaston's  view  be  correct,  it  would 
be  only  necessary  to  suppose  that  this  Post-glacial  deposit  of  Lexden 
preceded  others  in  which  the  remains  of  insect  groups  resembling 
those  of  Northern  Europe  occur. 

3.  The  Geological  evidence  resumed. — At  Paull  Cliff  and  Kelsea 
Hill,  in  Yorkshire,  there  occurs  a  gravel,  containing,  in  association 
with  marine  shells,  this  freshwater  moUuscan  associate  of  the 
Megarhine  Ehinoceros  in  the  Thames  Brick-ecurths,  Cyrena  fiuminaUs^ , 
which,  like  its  Mammalian  associate,  inhabited  this  country  in  pre- 
glacial  times.  This  gravel,  at  one  of  these  localities,  is  seen  to  rest 
on  the  Glacial-clay,  and  at  the  other  to  be  overlain  by  the  non-glacial 
Bouldor-clay  of  Hessle  previously  alluded  to.  The  marine  mollusoa 
occurring  with  it,  moreover,  are  clearly  Post-glacial,  being  all  of 
living  species,  which,  with  two  or  three  exceptions  found  in  seas 
immediately  to  the  North,  inhabit  British  seas ;  contrasting  in  this 
respect  with  the  Glacial-clay  on  which  the  gravel  reposes,  which 
yields  (not  far  off,  at  Bridlington)  a  more  arctic  fauna,  and  one  con- 
taining the  two  well-known  Crag  species  NucuLa  Cohholdia  and  Teliina 
ohUquaj  whose  nearest  living  anologues  occur  in  the  Pacific. '  The 
presence  of  this  fluviatile  sheU  in  swarms  in  tliis  gravel  shows  tliat 
the  land  had  emerged  from  the  glacial  sea  so  as  to  support  a  river 
not  far  distant ;  and  the  position  of  the  gravel  thus  overlain  by  the 
Hessle-olay,  is  shown  by  the  coast  section  to  occupy  troughs  cut  out 
of  the  deeply-denuded  glacial  beds.  We  cannot  doubt,  therefore, 
that  we  have  here  one  of  the  deposits  of  the  earlier  part  of  the  Post- 
glacial period,  similar  to  the  Brick-earths  of  the  Eastern  Thames 
valley,  that  are  full  of  the  same  shell ;  and  that  in  its  overlay  by  the 
non-glacial  Boulder-clay  of  Hessle  we  get  evidence  of  the  incoming, 

^  Quart.  Jonrn.  Geol.  Soc.,  vol.  xxiii.,  p.  292. 
'  Quart  Joum.  Geol.  Soc.,  toI.  zix.,  p.  399. 
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oat  this  time,  of  ioe  conditions  adequate  to  the  transport  of  small 
uldersy  such  as  is  evinced  by  the  remarkable  nest  of  boulders 
luch  oocurs  in  the  Brick-earth  at  Oiays,  in  the  Eastern  Thames 
dley. 

I  have  in  various  papers  endeavoured  to  show  that  the  South  and 
Mith-east  of  England  was,  during  the  earlier  part  of  the  Post- 
lioial  period,  covered  principally  by  sea,  the  bottom  of  which  was 
■dergoing  disturbance  and  great  denudation  from  subterranean 
otion,  the  country  to  the  North  of  the  Thames  being  land,  and 
enetrated  by  small  rivers  in  which  these  Cjyrena-bearing  Brick- 
irths  accumulated ;  and  I  have  given  restoration  maps  in  which  I 
iVB  endeavoured  to  trace  the  emergence  of  the  South  of  England 
tmi  this  stage.'  Now  it  is  remarkable  that  in  all  the  great  sheet 
f  the  Thames  gravel  which  preceded  this  Brick-earth  we  should  get 
}  traces  of  boulders,  while  so  many  should  occur  in  the  Brick-earth 
lelf ;  and  the  circumstance  seems  to  me  to  indicate  the  absence  of 
s-action  during  the  deposit  of  the  former,  and  its  commencement 
uriDg  the  accumulation  of  the  Brick-earths.  Further,  in  those 
mvcSjB  of  Hampshire  which,  in  the  paper  last  referred  to,  I  have  on 
tally  different  evidence  endeavoured  to  correlate  with  these 
frena  Brick-earths,  boulders  of  Sarsen  sandstone  occasionally  occur.' 
iiese  seem  to  be  confined  to  the  gravels  at  medium  and  lower 
(rels,  and  to  be  absent  from  that  higher  part  of  the  Hampshire 
eet  which  I  have  attempted  to  connect  with  the  main  and  higher 
eet  of  Thames  gravel. 

In  the  same  paper,  and  in  the  restoration  maps  accompanying  it,  I 
ve  endeavoured  to  show  that  the  emergence  of  the  principal  part 

the  South  of  England,  and  the  retreat  of  the  sea  within  the 
dley  of  the  Weald,  the  denudation  of  that  valley,  and  the  eventual 
rersal  of  the  drainage  in  it,  was  posterior  to  these  Cyrena  Brick- 
rths  of  the  Thames  Valley,  and  occupied  that  long  period  which  I 
LI  the  later  part  of  the  Post-glacial  one  ;  and  I  also  endeavoured  to 
ow  that  the  non-glacial  Boulder-clay  of  the  Sussex  coast,  in  which 
ry  large  blocks  derived  from  the  West  occur,  belonged  to  this 
ter  Post-glacial  period.  I  have  already  pointed  out  that  this  clay, 
:e  the  Hessle,  had  it  been  formed  during  the  Glacial  period,  could 
rdly  have  failed  to  present  those  physical  features  which  are  common 

aU  Glacial-clay  formed  in  the  neighbourhood  of  soft  strata,  and 
pecially  of  the  Chalk ;  and  it  is  most  important  that  it  offers  in 
B  molluscan  fauna  of  the  de|)08it  which  it  overlies  similar  cor- 
borative  testimony  of  Post-glacial  age  as  does  the  Hessle  clay, 
ke  the  latest  part  of  the  Crag,  all  the  Glacial  beds  of  the  East  of 
igland  yield  some  mollusca  which  are  not  known  living,  and 
bers  whose  present  habitat  is  in  distant  and  northern  areas  such  as 
e  North  American  coast,  Greenland,  etc.  The  oldest  of  these,  the 
bbly  sand  of  Norfolk  and  Suffolk  (the  shallow  water  equivalent, 

I  regard  it,  of  the  Cromer  Till),  has  some  of  both  of  these  classes ; 
8  East  Anglian  Middle  Glacial  has  this  feature  even  more  marked, 

*  Quart.  Joum.  Oeol.  Soc,  vol.  xxvii.,  p.  20. 

*  For  some  examples  see  Gbol.  Mao.,  Vol.  III.,  p.  29Q. 
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while  the  yet  newer  deposit  of  Bridlington  has  two  of  the  first  and 
several  of  the  latter  olass,  and  the  ftiana  of  all  of  these  three  form- 
ations presents  more  or  less  affinity  to  that  of  the  Crag,  the 
moUusoan  remains  in  all  being  thoroughly  fossilized.  The  bed, 
however,  whioh  underlies  this  Sussex  olay  presents  the  greatest 
eontrast  to  these  Glacial  deposits  and  to  the  Crag,  as  it  oontains  a 
somewhat  numerous  molluscan  fauna,  in  fine  preservation,  whioh  is 
not  only  hardly  fossilized  at  all,  but  oonsists  entirely  of  speoies  still 
living,  and  living,  moreover,  in  contiguous  or  but  little  distant  seas, 
and  those  Southern  ones.  These  living  speoies  nearly  all  oooar  on 
our  present  Southern  ooast,  while  of  the  rest  a  few  are  confined  to 
the  Lusitanian,  and  one  or  two  to  the  Mediterranean  ooast ;  ^  afford- 
ing pretty  clear  evidence  that  at  a  period  not  very  far  back,  but  an- 
terior to  those  ice  conditions  to  which  the  great  blooks  occurring  in 
the  overlying  clay  are  due,  a  wanner  and  more  Lusitanian-like  sea 
washed  the  southern  shores  of  Britain.'  Associated  with  the  mollusca 
in  this  bed  occur  Mammalian  remains  which  present  none  of  those 
older  features  attaching  to  the  remains  from  the  Cfifrena  Briok-earths 
of  the  Thames  Valley,  and  of  course  still  less  of  those  attaching  to 
the  pre-glacial  forest  beds  of  Norfolk ;  and  which,  although  neithor 
the  Reindeer  nor  Musk-ox  are  among  them,  are  grouped  by  Mr. 
Dawkins'  with  the  ordinary  Post-glaoial  Mammalian  fauna  of 
Britain,  as  distinguished  &om  the  Thames  Brick-earth  group. 

This  non-glacial  Boulder-day  appears  to  me  to  be  of  even  later 
age  than  that  of  Hessle;  and  to  present  evidences  of  erratic  transport 
requiring  much  more  ice-power,  some  of  the  blocks  desoribed  by 
Mr.  Godwin-Austen  and  by  Sir  Charles  Lyell  being  enormous. 
Tracing  the  sequence  of  events  from  quite  different  evidence  to  the 
above,  I  endeavoured  to  show  in  the  before-mentioned  paper  that 
this  Sussex  clay  was  formed  near  the  dose  of  those  Post-g^adal 
changes  to  which  I  trace  the  present  condition  of  the  South  and 
South-east  of  England;^  that  is  to  say,  just  about  the  stage  when 
the  Weald  was  oompletdy  deserted  by  the  sea,  and  its  drainage 
reversed  into  its  present  direction ;  in  the  gravels  of  which  drain* 

>  A  list  of  88  Bpeoies  from  thie  depoiit  u  giren  bj  Mr.  Godwio-Aiiiteii  in  QairL 
Joum.  Geol.  Soo.,  vol.  xiii.,  p.  50,  and  as  many  more  have  nnco  been  obtamed  by  Mr. 
Alfred  Bell.  Mr.  Oodwin-Auiten  in  the  same  paper  also  notices  the  Mammalian 
remains. 

*  In  the  paper  in  toI.  xzyiL  of  Qnart.  Joum.  before  referred  to,  I  endeaToured  to 
show  that  subseqnent  to  the  formation  of  the  Thames  Brick-earths,  and  prior  to  the 
accumulation  of  this  Sussex  molluscan  deposit,  an  isthmus  joining  Kent  to  Fraaot 
had  come  into  existence,  which  divided  the  Lusitanian  connected  waters  of  the  Sooth 
of  England  from  those  of  the  North  Sea.  The  marine  shells  of  the  Post-glaoial 
ffrayels  of  East  Anglia  have  a  more  northerly  character  than  those  of  the  Susnx  bidi 
though  agreeing  with  them  in  belonging  all  to  living  species,  that  with  a  few  «xoif» 
tions  (which  occur  in  contiguous  seas)  yet  survive  in  British  waters. 

^  Quart.  Joum.  Geol.  Soc.,  vol.  xxv.,  p.  195.    See  column  headed  Braekleahaa. 

*  We  get  no  evidence  of  this  late  Post-glaoial  ioe-aotion  over  Essex,  Suffolk,  and 
Norfolk,  except  it  be  in  Mr.  Fisher's  *  trail,'  because,  as  it  appears  to  me,  these  covitiis 
were  then  all  land,  having,  in  common  with  all  England,  at  a  still  later  or  prs- 
historic  period,  undergone  that  subsidence  whioh  is  indicated  by  the  aubmaiged 

foresta  round  out  coasts. 
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age  there  oooar,  aooording  to  Mr.  Qodwin- Austen,  some  large  ioe- 
tunsported  blocks.  This  seems  to  me  to  have  been  the  period  when 
the  Reindeer  freqnented  Britain  and  the  South  of  France,  and  that 
to  which  ao  many  of  our  river  gravels  belong. 

Whether  any  geologists  may  be  disposed  to  agree  in  the  view 
whidi  I  have  put  forward  or  not,  the  question  I  think  demands  in- 
stigation ;  and  the  more  this  is  attempted,  the  more,  I  think, 
geok^gists  will  become  satisfied  of  the  greater  remoteness  of  the  true 
fflaoial  period,  and  of  the  far  longer  duration  of  the  Post-glacial,  than 
hii  been  hitherto  supposed. 


IT.— On  son  Ponrrs  nr  the  Oeolooy  ov  ths  East  Lothian  Coast. 

By  6.  W.  and  F.  M.  Baltoub, 
Trinity  College,  Cambridge. 

rnEDB  interesting  relation  between  th0  Porphyrite  of  Whitbeny 
X  Point,  at  the  mouth  of  the  Tyne  near  Dunbar,  and  the  adjacent 
sedimentary  rocks,  was  first  noticed,  we  believe,  by  Professor  Geikie, 
who  speaks  of  it  in  the  Memoirs  of  the  Geological  Survey  of  East 
Lothian,  pages  40  and  41,  and  again  in  the  new  edition  of  Jukes's 
Gwlogy,  pp.  269.  The  volcanic  mass  which  forms  the  point,  con- 
sists of  a  dark  felspathic  base  with  numerous  crystals  of  augite :  it 
is  circular  in  form,  and  is  exposed  for  two-thirds  of  its  circum- 
ference in  a  vertical  precipice  facing  the  sea,  about  twenty  feet  in 
height 

The  rock  is  traversed  by  numerous  joints  running  both  in  a  hori- 
zontal and  in  a  vertical  direction.  The  latter  are  by  far  the  most  con- 
spicuous, and  give  the  face  of  the  cliff,  when  seen  from  a  distance, 
a  well-marked  columnar  appearance,  though  the  columns  themselves 
are  not  very  distinct  or  regular.  They  are  quadrangular  in  form, 
and  are  evidently  produced  by  the  intersection  at  right-angles  of 
the  two  series  of  vertical  joints. 

It  is  clear  that  the  face  of  the  precipice  has  been  gradually  receding 
in  proportion  as  it  yielded  to  the  action  of  the  waves ;  and  that  at  a 
former  period  the  volcanic  rock  extended  considerably  further  than  at 
present  over  the  beds  which  are  seen  to  dip  beneath  it.  These  latter 
consist  of  hard  fine-grained  calcareous  sandstones  belonging  to  the 
Lower  Carboniferous  formation.  Their  colour  varies  from  red  to 
white,  and  their  prevailing  dip  is  in  a  N.  W.  direction,  with  an  average 
inclination  of  12-20*^.  If  the  volcanic  mass  is  a  true  intrusive  rock, 
we  should  naturally  expect  the  strata  which  surround  it  to  dip  away 
in  all  directions,  the  amount  of  their  inclination  diminishing  in  pro- 
portion to  their  distance  from  it.  We  find,  however,  that  the  case 
is  precisely  the  reverse :  as  the  beds  approach  the  base  of  the  cliff, 
they  dip  towards  it  from  every  side  at  perpetually  increasing  angles, 
until  at  the  point  of  junction  the  inclination  amounts  in  places  to  as 
much  as  55  degrees.  The  exact  amount  of  dip  in  the  various  posi- 
tions will  be  seen  on  referring-  to  the  accompanying  map. 

roL,  jx,—yo.  xciv.  \\ 
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Fta.  1.— Ui^  of  Staati  tt  VhitbeiTy  Point.    Soak,  S  in.  to  tlM  mil*. 


A.  Lantbmt 

B-  8*&ditDDe  Bcdi,  dlppin^from  erffTTildfi  towinU  theLtTV, 

CC.  Line  of  Section  (long  vhiota  Rg.  !  u  luppoHd  to  b*  dnwn. 

We  conceiTe  that  the  phenomenon  is  to  be  explMiied  by  supposing 
the  orifice  through  which  the  lava  rose  and  overflowed  the  surface 
of  the  sedimentary  etrata  to  bsve  been  very  much  emaller  in  ana 
than  the  estent  of  igncooB  rock  at  present  visible ;  and  iJial  the 
presHore  of  the  erupted  mass  on  the  soft  beds  beneath,  aided  peiliaps 
by  the  abstraction  of  matter  from  below,  caused  them  to  incline  towards 
the  central  point  at  a  gradually  increasing  angle.  The  Diagram,  Fig.  2, 
Fio   2  —Vertical  Section  through  CC  Duigrtia  (Fig.  1). 


Wills 


A.   OrlflccbT 

B'.  Iljpotbctlcal  eilsniia 
€■  KhHt  of  Iath  flprud  D 
C-  Ufpolbeliul  eiundoi 

a  further  to  illustrate  this  hypotlii 


lesiB.    A.  IB  the  neok  or 


I     ozifioe  by  which  the  melted  matter  is  supposed  to  aaoend.    G.  showa 
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&  sheet  of  lava  after  it  has  overspread  the  surface  of  the  sandstone 

Ms  B.,  se  as  to  cause  them  to  assume  their  present  inclination.  The. 
dotted  lines  represent  the  hypothetical  extension  of  the  igneous  mass 
^  sandstones  previous  to  the  denudation*  which  they  have  suffered 
from  the  action  of  the  waves. 

Professor  Qeikie,  in  his  admirable  treatise  on  the  Geology  of  the 
county/  adopts  a  view  on  this  subject  which  is  somewhat  different 
from  that  which  is  suggested  in  this-  paper.  He  considers  that  the 
^le  mass  is  an  intrusive  neck  of  rock  with,  perpendicular  sides ;. 
sod  thai  it  once  filled  up  an  orifice  through  the  surrounding  sedimen- 
taiy  strata,  of  which  it  is  now  the  only  remnant.. 

He  admits  that  the  inclination^  of  the  sandstone^  beds  towards  the 
igneous  mass  in*  the  centre  is  a  phenomenon  that  is  somewhat  diffip 
colt  to  explain,  and  suggests  that  a  subsequent  contraction  of  the 
(X)Iamn  may  have  tended  to  produce  such  a  result.  To  use  his  own 
vrords:  ''In,  the  case  of  a  solid  column?  of  felstone  or  basalt,  the 
X)ntraction  of  the  melted  mass  on  cooling  may  have  had  some  effect 
b  dragging,  down,  the  sides  of  the  orifice."  ' 

Bdty  apart  from  other  objections,  it  is  scarcely  conceivable  that  this* 
lesolt  should  have  been  produced  by  the*  contraction  of  the  column. 

In  his  recent  edition  of  Jukes*s  Manual  of  G<eology  (p.  269), 
Q  which  he  also  refers  to  this  instance,  he  states  that  in  other  case» 
f  ''  necks  "  it  is  found  to  be  an  almost  invariable  rule,  ''  that  strata 
re  bent  down  so  as  to  dip  into  the  neck  all  round  its  margin.-'  We 
re  not  aware  to  what  other  instances  Prof.  Greikie  may  allude  ;  but 
a  referring  to  his  Memoir  on  the  Greology  of  East  Lothian,,  we  find 
lat  he  states  in  the  cases  of  *  North  Berwick  Law,'  and  *  Traprain  ' 
sv'hich  he  compares  with  the  igneous  mass  at  Whitberry  Point), 
lat  the  beds  at  the  base  of  these  two  necks,  where  exposed,  dip' 
way  from  them,  and  that  at  a  high  angle. 

In  support  of  the  hypothesis  which  we  have  put  forward,  the 
>Uowing  arguments  may  be  urged : 

(I.)  That  in  one  place  at  least  the  sedimentary  strata  dXQ  seen  to- 
e  actually  dipping  beneath  the  superincumbent  basalt ;  and  that  the 
npression  produced  by  the  genersd  relation  of  th&  two  rocks  is,  that 
ley  do  so  everywhere. 

(2.)  Since  the  columns  into  which  the  lava  is  split  are  vertical,, 
le  cooling  surface  must  have  been  horizontal :  the  mass  must,  there- 
>re,  have  formed  a  sheet,  and  not  a  dyke ;  for,  in  the  latter  case,  the- 
ooling  surfaces  would  have  been  vertical. 

(3.)  It  is  difficult  to  conceive,  on  the  supposition  that  the  volcania 
3ck  is  a  neck  with  perpendicular  sides,  that  the  marine  denudation 
bould  have  uniformly  proceeded  only  so  far  as  to  lay  bare  the 
mction  between  the  two  formations.  We  should  have  expected 
liat  in  many  plaices  the  igneous  rock  itself  would  have  been  cut 
own  to  the  general  level,  whereas  the  only  signs  of  such  an  effect 
re  shown  in  a  few  narrow  inlets  where  the  rock  was  manifestly 
ofter  than  in  the  surrounding  parts. 

1  Memoirs  of  Geological  Surrey  of  Scotland,  Sheet  33,  pp.  40,  41. 
>  Note  on  p.  41  of  Mem.  Geol.  Sorrej  of  East  Lothitm. 
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The  last  objection  is  greatly  confirmed  by  the  overhanging  difli 
and  nnmerona  blocks  of  porphyrite  which  lie  scattered  on  the  faeaflh« 
as  if  to  attest  the  former  eattension  of  that  ancient  sheet  of  which 
these  blocks  now  form  but  a  small  remnant.  Indeed,  the  existonoe 
of  such  remains  appears  sufficient  of  itself  to  condemn  any  hypothesis 
which  presumes  the  present  face  of  the  diff  to  have  formed  tfie 
original  boundary  of  me  mass. 

It  may  be  feorly  objected  to  our  theory,  as  Prof.  GMkie  himself 
has  suggested,  that  Hie  high  angle  at  which  the  strata  dip  is  diffioolt 
to  account  for.  But,  in  fact,  this  steep  inclination  oonstitntes  the 
very  difficulty  which  any  hypoliiesis  on  the  subject  must  be  framed 
to  explain ;  and  it  is  a  difficulty  which  is  not  more  eaiQy  sdived 
by  Prof.  (Jeikie's  thewy  than  by  our  own. 


y. — On  Ohakgss  of  Climats  Dusma  thx  Glaoial  Epocb. 

By  Jambs  Gbdub,  F.R.S.E., 
District  Surveyor  of  the  Geolog^  Survey  of  Scoikiid. 

Fifih  Paper. 
{Oontitmed  from  the  Mar  eh  Ifumber^  p.  111.) 

THE  older  valley-grarvels  and  eave-deposits  of  England  oontain,  ae 
every  geologist  knows,  a  remarkable  intermingling  of  northern 
and  southern  forms  of  animal  life.  To  account  for  thia  anomaly 
various  theories  have  been  advanced.  There  are  few  who  do  not 
admit,  to  begin  with,  that  species  such  as  the  hippopotamus  and  the 
musk -sheep  could  not  have  lived  side  by  side  thvoughont  tAie  year  in 
the  same  country.  The  conditions  necessary  for  the  support  of  the 
one  would  be  fatal  to  the  other.  Some  writers,  therefore,  have 
inferred  that  the  occurrence  of  the  remains  of  both  these  Greatures 
in  our  superficial  deposits  points  to  former  fluctuations  of  dimate 
during  the  accumulation  of  these  beds ;  while  others  hold  that  it 
only  indicates  a  period  of  strongly  contrasted  summers  and  winters. 
There  are  yet  other  theories  whi(£  have  been  put  forward  to  explain 
the  difficulty.  Mr.  Prestwich,  for  example,  has  suggested  that  the 
hippopotamus  was  possibly  protected  by  a  coat  of  fur,  and  may  thus 
have  been  able  to  exist  under  the  same  climatal  conditions  as  the 
musk-sheep,  the  mammoth,  and  the  Siberian  rhinoceros.  But  the 
hippopotamus  is  not  the  only  animal  that  would  seem  to  indicate 
that,  at  some  period  during  the  formation  of  the  valley-gravels  and 
cave-deposits,  the  climate  of  Britain  was  comparatively  wamiy — 
Ehphas  antiquus  and  the  two  rhinoceroses  (B,  megarhinua  and 
B.  leptorhinm)  appear  to  tell  the  same  story.  It  is  hardly  possible 
to  believe  that  all  these  species  were  fitted  like  the  mammoth  to 
brave  the  exigencies  of  a  severe  climate.  The  more  reasonable  view 
is  that  adopted  by  most  palaeontologists,  namely,  that  the  hippo- 
potaraus,  the  elephant,  and  the  two  rhinoceroses  are  true  southern 
forms,  and  could  only  have  existed  in  Britain  imder  mild  or  oompar- 
ativelj  warm  conditions.   At  all  events,  as  regards  the  hippopotamus 
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doi  oondliiaioii  appears  inevitable,  for,  as  Sir  John  Lubbook  remarks, 
"Ivon  if  protected  by  far,  as  Mr.  Prestwich  supposes,  the  animal 
oooU  never  live  in  a  coontxy  where  the  rivers  were  frozen  over." 
Iflhall  therefore  not  attempt  to  discuss  this  hypothesis  further,  but 
wiOoonfine  what  remarks  I  have  to  make  to  the  two  theories  referred 
to  ibove.  The  latter  of  these — that,  namely,  whioh  supposes  a  period 
of  ifaxmgly  contrasted  summers  and  winters  to  have  prevailed  during 
the  deposition  of  the  English  valley -gravels  and  oave-aooumulations 
--4ias  lately  been  ably  advocated  by  Mr.  Dawkins,  who  has  brought 
to  the  task  a  wide  knowledge  of  the  subject.  His  case  is  stated 
vith  great  clearness,  and  he  seems  to  have  employed  all  the  argu- 
OKDts  that  can  be  adduced  in  its  favour.  Yet  I  cannot  see  my  way 
to  aooept  his  conclusions.  Had  these  conclusions  followed  frbm  a 
x>naderation  of  paladontological  evidence  alone,  I  should  hardly 
bafe  ventured  to  dispute  the  position  maintained  by  one  who  has 
ievoted  so  mudi  time  to  this  special  study ;  the  question,  however, 
I  one  chiefly  of  climate  and  physical  conditions. 

By  noting  all  the  localities  where  our  superficial  deposits  have 
ielded  remains  of  the  Quaternary  mammalia,  he  has  shown '  that 
bese  fossils  are  confined  to  the  low-lying  districts  of  England  ;  and 
6  sceounts  for  their  absenoe  from  the  Post-glacial  beds  of  Wales, 
16  north  of  England,  and  Scotland  by  supposing  that  these  regions 
'ere  covered  with  ice  at  the  time  that  the  mammalia  were  in  full 
soupation  of  Central  and  Eastern  England.  At  this  period  Britain 
as  connected  across  the  bed  of  the  German  Ocean  and  the  English 
hannel  with  the  Continent,  and  he  explains  the  intermingling  in 
le  same  deposits  of  hippopotamus  and  other  southern  forms  with 
lose  of  an  Arctic  fauna,  by  supposing  that  in  ^'  summer-time  the 
limals  now  only  found  in  the  warmer  regions  migrated  north- 
ards,  and  in  winter- time  those  now  found  in  the  Arctic  regions 
ent  southwards."  Sir  Charles  Lyell  had  previously  suggested  tliat 
te  hippopotamus  might  have  been  a  summer  visitant  only;  and 
lis,  Mr.  Bawkins  says,  is  the  only  *'  hypothesis  that  satisfies  all  the 
mditions  of  the  problem." 

But  does  it  really  do  so?  What  kind  of  climate,  let  us  ask,  would 
B  likely  to  result  were  Scotland  and  the  mountainous  districts  of 
ingland  and  Ireland  to  be  covered  with  snow  and  ice  ?  Mr.  Daw- 
ins  thinks  that  it  would  be  '*  somewhat  similar  to  that  of  the  vast 
Lains  of  Siberia  extending  from  the  Altai  Mountains  to  the  Arctic 
ea,  or  to  that  ofiered  by  the  inland  climate  of  North  America.  In 
iberia,"  he  continues,  "  we  meet  with  every  gradation  in  climate, 
x>m  the  temperate  down  to  that  in  which  the  cold  is  too  severe  to 
[low  of  the  growth  of  trees,  which  gradually  decrease  in  size  as  the 
livelier  passes  northwards,  and  are  replaced  by  the  grey  mosses 
ad  lichens  of  the  low  marshy  tundras.  Throughout  the  north  the 
inter  cold  is  intense,  and  in  the  southern  portion  is  almost  com- 

^  Qnirt.  Joum.  Geol.  Soc,  vol.  xzv.,  p.  192.  Mr.  Dawkim  has  further  explained 
id  illoftrated  his  Tiews  in  a  paper,  **  On  Pleistocene  Climate  and  the  Kelation  of 
le  Pleiiftooene  Mammalia  to  the  Glacial  Period."— PopuLax  Sckn^  Bj^m^  l^i 
etoba>  l»7h 
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pensated  for  by  the  great  summer  lieat  and  its  marv^ons  effect  <m 
vegetation.  ...  In  both  America  and  Siberia  there  is  a  zone  of 
debatable  ground,  in  which  the  mammals  of  the  Arctio  and  ton- 
perate  provinces  are  continually  oscillating  to  and  fro,  aooording  to 
the  seasons.  And  in  this  their  skeletons  could  not  fail  to  be  mixed 
together  in  the  deposits  of  the  rivers."  But  before  we  decide  that 
the  climate  of  England  in  ''  Pleistocene  "  times  resembled  that  of 
Siberia  and  North  America  at  the  present  day,  it  is  necessaiy  to 
ascertain  whether  the  causes  that  induce  the  latter  oould  possibly 
liave  existed  in  Britain  at  a  time  when,  as  it  is  supposed,  ^aden 
still  covered  large  areas  in  that  country  and  Ireland. 

At  Jakutsk  (62°  N.  lat.)  the  temperature  of  January  is — iSP  V  F^ 
while  that  of  July  is  62°  2'— truly  a  wonderful  oontrastJ    The 
causes  of  the  intense  winter  are  not  far  to  seek.    During  that  season 
«very  wind  that  blows  across  Siberia,  no  matter  whence  it-ocmies,  ia 
bitingly  cold.    The  west  winds  that  temper  our  winters  with  the 
warmth  of  the  Gulf-stream  are  robbed  of  their  moisture  and  cooled 
down  befoie  they  cross  the  snows  of  the  Ural  Mountains  to  poor 
into  Siberia.    The  gales  from  the  Arctic  Ocean  are  stiU  colder,  nor 
is  much  warmth  derived  from  the  winds  that  sweep  northwards  from 
the  high  Mongolian  plateau.    In  summer-time  the  conditions  as8  re- 
versed.    Dry  and  scorching  winds  reach  Siberia  from  the  west,  and 
the  heat  of  the  Mongolian  deserts  is  wafted  from  the  south ;  while 
at  the  same  time  the  northern  plains  are  warmed  <by  the  continuous 
shining  of  the  Arctic  sun ;  and  thus  the  temperature  rises  rapidly  all 
.ever  Siberia.     In  North  America  the  seasons  are  also  mcH^  marked 
than  with  us,  and  the  causes  for  this  are  somewhat  similar  to  those 
which  induce  the  more  strongly  contrasted  summers  and  winters  of 
Northern  Asia. 

If  we  could  obliterate  the  German  Ocean  and  the  English  •Channel, 
<woiiId  this  change  bring  about  summers  and  winters  as  well  marked 
as  those  that  characterize  the  higher  latitudes  of  Asia  and  America  ? 
Surely  not,  for  so  long  as  our  western  shores  continued  to  be  washed 
by  the  Atlantic,  our  climate  would  necessarily  partake  of  an  "insular" 
character.  The  summers  would  possibly  be  a  little  warmer,  and  the 
winters  a  little  colder,  but  there  is  nothing  to  justify  the  supposition 
that  the  seasons  would  at  all  resemble  those  of  Siberia  or  the  inland 
parts  of  North  America.  But  the  migrations  of  the  Arctic  and 
southern  fauna  are  thought  to  have  taken  place  at  a  time  when  snow- 
£elds  and  glaciers  were  nourished  in  the  upland  districts  of  Great 
Britain.  The  mere  presence  of  perennial  snow  and  ioe,  however, 
could  not  possibly  bestow  a  Siberian  climate  on  England.  With 
Scotland  and  the  hilly  districts  of  England  and  Ireland  boned 
imdemeath  snow  and  ice,  we  may  reasonably  infer  that  the  glaciers 
of  Switzerland  must  have  greatly  exceeded  their  present  dimensions ; 
that  the  mountains  of  the  Yosges  and  the  Black  Forest  would  have 
their  pennanent  snow- fields;  and  that  Scandinavia  would  be  in  a 
truly  glacial  condition.  In  short,  the  winters  of  Europe  would  then 
necessarily  be  very  much  colder  than  they  are  now  :  and  it  follows 
from  this  that  the  summer  temperature  would  also  be  greatly  lower 
than  at  present    For  if  we  conceive  t\]Lat  ^^  ^T«^«XsiiX.  -wxi^  Vsi 
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^Pleistooene  **  times  oame,  as  they  do  now,  from  the  south-west,  we 
cumot  but  admit  that  they  must  have  been  colder.    The  occurTence 
of  glaciers  in  Britain  pre-supposes  a  greater  extension  of  the  Arotio 
ioe-fields,  more  plentiful  crops  of  icebergs,   and  consequently  a 
oolder  sea.     Indeed,  it  seems  more  than  likely,  that  with  permanent 
now-fields  in  Great  Britain,  icebergs  would  sail  southwards  in  large 
numbers  from  Scandinavia,  and  from  not  a  few  of  the  fiords  of 
fte  west  of  Scotland.    The  winds  that  set  towards  the  western 
oottts  of  Europe  would  thus  have  to  traverse  a  sea  more  or  less 
filled  witb  floating  ice,  and  would  be  compelled  to  part  with  their 
wsmith  before  they  reached  our  shores.    But,  more  than  this,  Mr. 
Croll  has  shown  that,  under  a  glacial  condition  of  things  in  the 
Noithem  Hemisphere,  it  is  highly  probable  that  a  large  propor- 
tioii  of  the  heat  which  our  island  now  derives  from  the  Gulf-stream 
woald  be  transferred  to  the  Southern  hemisphere;  and  the  result 
of  this  would  be  to  give  to  England  a  very  much  cooler  summer 
flan  she  at  present  enjoys.     It  matters  little,  however,  from  what 
pcnnt  of  the  compass  we  suppose  the  prevalent  winds  to  have  come ; 
80  far  as  that  goes,  they  may  have  issued  from  the  north,  south, 
east,  or  west :  but  under  the  physical  conditions  assumed  to  have 
characterized  "Pleistocene"  Britain^  they  never  could  have  con- 
ferred a  Siberian  summer  upon  these  latitudes. 

It  would  not  be  difficult  to  show  that,  with  the  presence  of 
perennial  snow  and  ice  in  the  high  grounds  of  Great  Britain,  our 
rivers  would  remain  frozen  over  for  a  great  part  of  the  year.  During 
the  summer  they  would  burst  their  icy  bonds,  and,  swollen  with 
heavy  rains  and  the  torrents  derived  from  the  melting  of  the  snow- 
fields  and  glaciers,  would  overflow  the  low  grounds,  and  carry  de- 
vastation far  and  wide.  Over  broad  areas  in  our  valleys,  therefore, 
there  could  be  little  vegetation.  Such  areas  as  were  not  covered 
with  snow  might  perhaps  support  scraggy  birch  and  pine ;  and  here 
and  there  tall  grasses  and  dwarf  willows  might  nestle  in  sheltered 
hollows;  but  mosses  and  lichens  would  most  probably  form  the 
prevailing  growths.  If  the  "  Pleistocene  "  hippopotamus  could  live 
on  such  fare,  he  must  have  been  a  more  easily  satisfied  animal  than 
his  modem  representative.  It  is  true  that  in  Arctic  regions  the 
short  summer  brings  into  bloom  a  number  of  pretty  flowerets,  and 
causes  the  grasses  to  shoot  up  with  surprising  rapidity.  But  this  is 
due  to  the  influence  of  a  sun  that  keeps  above  the  horizon  during 
the  greater  part  of  summer.  A  glacial  period  in  England,  however, 
would  not  be  tempered  by  the  presence  of  a  midnight  sun  in  summer- 
time. For  these  and  other  reasons  it  may  be  safely  concluded  that 
the  hippopotamus  could  not  have  lived  in  this  country  when  glaciers 
filled  our  moimtain  valleys. 

But  putting  aside  climatal  conditions  altogether,  and  admitting  for 
the  moment  that  the  warmth  of  Post-glacial  Britain  in  summer-time 
was  fitted  to  woo  the  hippopotamus  northwards,  there  would  still  be 
a  fatal  objection  to  the  hypothesis  under  review.  The  hippopotamus 
is  not,  properly  speaking,  a  migratory  animal.  This  objection, 
which  has  been  frequently  urged,  appears  unan&weioXAd.    \^T!\fi!^ 
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the  Pleistocene  hippopotamnB  diffdied  very  much  from  its  Hying 
representative  (and  so  far  as  we  know  it  did  not),  there  is  no 
likelihood  of  such  a  hulky  hrute  having  performed  the  wondeiM 
migrations  which  this  hypothesis  assigns  to  it.^ 

I  have  referred  to  the  hippopotamus  alone,  but  at  least  three 
of  the  other  southern  forms  met  with  in  English  **  Pleistocene " 
deposits  seem  to  come  under  the  same  category.    EkpkoM  anUiqm 
and  the  two  rhinoceroses  {B.  leptarhinuBy  Owen,  and  B.  fnegarhiiuu) 
would  certainly  have  fared  as  badly  as  the  hippopotamus  if  they  bad 
ventured  into  Britain  at  a  time  when  our  high  grounds  were  covered 
with  snow  and  ioe.     Nor,  judging  from  what  we  know  of  their 
present  representatives,  can  we  suppose  that  these  animalB  weie 
migratory.     Again,  I  think  it  hardly  possible  that  the  oave*lioii, 
the  hysdna,  and  the  sabre-toothed  machairodus  could  have  visited 
this  country  under  the  conditions  assumed.    It  is  quite  true  that  the 
lion  infested  Greece  within  historical  times,  and  that,  as  Mr.  Dawkini 
remarks,  ''the  temperature  of  the  mountains  of  Thrace  was  un- 
doubtedly infinitely  more  severe  than  that  of  any  r^on  in  which  it 
now  lives."    But  the  temperature  of  ''Pleistocene"  Britain,  ac- 
cording to  this  theory,  must  have  been  "infinitely  more  severe" 
than  that  of  the  mountains  of  Thrace ;  and  the  question  we  have  to 
consider  is  whether  the  lion  could  live  under  conditions  still  more 
trying  than  those  that  mark  the  bleak  "  barrens  "  of  British  America 
or  the  treeless  tundras  of  Northern  Asia.      I  say   "  still  more 
trying,"  because  the  summers  of  such  a  Britain  as  is  thought  to 
have  existed  in  Post-glacial  times  must  have  been  far  cooler  than 
those  of  Northern  Asia  and  America  are  at  present    With  the  poor 
and  meagre  vegetation  which  a  country  of  this  kind  would  be  able 
to  support,  the  herbivora  could  not  have  been  abundant     Indeed, 
only  a  very  few  of  the  mammalia  enumerated  by  Mr.  Dawkins  could 
possibly  have  existed  under  the  conditions  supposed,  and  probably 
none  of  these  would  belong  to  his  second  group,  which  consists 
of  such  species  as  still  inhabit  the  temperate  zones  of  Europe  and 
America.    If,   therefore,   we  eliminate  the  whole  of  this  second 
group,  we  have  left  only  the  true  Arctic  mammalia — the  glutton, 
the  reindeer,  the  musk-sheep,  the  pouched  marmot,  the  tail-less  hare, 
and  the  Lemming — to  form  provaunt  for  the  lion  and  his  congeners, 
the  Machairodus  and  the  hysena.     But  how  can  we  suppose  it 
possible  that  these  camivora  would  leave  the  temperate  zone  (which, 

^  Sir  Charles  Lycll  save  (1863)  geologists  may  freely  specalate  on  the  time  when 
the  hippopotamus  **may  \&ye  swum  in  a  few  summer  days  from  riTers  in  the  eoutb  of 
Spain  or  France  to  the  Somme,  Thames,  or  Seyem,  making  timely  retreat  to  tbe 
south  before  the  snow  and  ice  set  in."  But,  according  to  this  theory,  the  natatiooi 
and  peregrinations  of  our  old  river-horse  must  have  extended  even  further  north  than 
the  Thames,  as  certain  valley  entvels  at  Leeds  bear  witness.  In  the  discussion  above 
I  have  not  referred  to  the  eviaence  of  a  mild  condition  of  things  afforded  by  the 
presence  of  Oyrma  fluminaliM  and  Unio  littoralis.  If  the  evidence  of  these  sheUs  is 
to  be  trusted,  however,  it  would  fiimish  an  additional  reason  why  we  should  reject 
the  <'mu[ration"  theory,  and  maintain,  as  the  more  probable  hypothesis,  the  alterna- 
tive explanation  suggested  by  Lyell,  **  that  when  the  temperature  of  the  river  waier 
was  congenial  to  the  Cyrena  above  mentioned,  it  was  also  suited  to  the  hippopottmoi." 
(Mnmfiei,  im  edit,  voL  i^  p.  194.) 
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rbieiL  Axotio  conditions  saperrened  in  Britain,  must  have  shifted  to 
BOTe  sontbem  regions  of  Europe,  where  no  doabt  it  was  oharac- 
betiied  by  the  presence  of  an  abundant  mammalian  £auna),  to  prey 
upon  the  few  reindeer  and  smaller  animals  that  were  likely  to  be 
foBnd  so  far  north  as  the  frozen  barrens  of  England  ?  Yet  we  know 
tint  the  hysona  at  least  was  a  regular  denizen  of  our  oaves,  and  found 
oatten  so  comfortable  that,  according  to  Mr.  Dawkins,  its  large  size, 
M  Qompaied  with  that  of  the  living  animal,  was  probably  due  to 
"flie  abundance  of  food  which  it  obtained." 

These  and  other  considerations,  into  which  I  cannot  enter  here, 
bive  led  me  to  conclude  that  this  hypothesis  of  seasonal  migrations 
is  ontenable.  With  glacial  conditions  in  Scotland  and  the  hilly 
groonds  of  England  and  Ireland,  neither  temperate  flora  nor  fauna 
ooald  have  existed  in  our  country.  There  could  be  nothing  in  such 
an  Arctic  England,  therefore,  to  tempt  the  herbivora  away  from  the 
noh  feeding-grounds  of  the  then  temperate  zone,  and  just  as  little 
to  wile  the  oamivora  so  far  from  their  wonted  haunts.  And  to 
nppose  the  hippopotamus,  the  elephant,  and  the  rhinoceros  capable 
of  migniting  for  enormous  distances,  and  to  such  a  country  too,  is  to 
Rqypose  that  these  animals  differed  entirely  from  their  present 
npresentatives. 

The  only  other  hypothesis  which  appears  possible  as  an  ezplana- 
aon  of  the  occurrence  of  Arctic  and  Southern  forms  in  our  super- 
ioial  deposits  is  that  which  assumes  certain  fluctuations  of  climate 
0  have  taken  place  during  the  accumulation  of  the  mammal- 
(oaring  drifts.^  But  here  a  great  difficulty  meets  us  on  the  very 
hreehold.  If  the  presence  of  the  hippopotamus,  the  elephant,  and 
be  rhinooeros,  compels  us  to  assume  that  at  the  time  these  animals 
tved  in  England  the  winters  must  have  been  mild  and  genial,  we 
re  at  a  loss  to  conceive  how  such  great  changes  of  climate  could 
ave  occurred  within  Post-glacial  times.  There  are  few  points  we 
an  be  more  sure  of  than  this,  that  since  the  close  of  the  Glacial 
poch, — since  the  deposition  of  the  clays  with  Arctic  shells  and  the 
Saxioava  Sands," — there  have  been  no  great  oscillations,  but  only 
gradual  amelioration  of  climate.  It  is  quite  impossible  to  believe 
bat  any  warm  period  could  have  intervened  between  the  last  Arctic 
Dd  present  temperate  conditions,  without  leaving  some  notable 
vidence  in  the  superficial  deposits  of  Scotland,  Scandinavia,  and 
rorih  America — these  being  the  countries  in  which  the  passage 
rom  the  later  glacial  beds  to  recent  accumulations  can  be  most  dis- 
inotly  traced.  This  fact  would,  indeed,  afford  an  insurmountable 
bjection  to  the  hypothesis  I  am  now  about  to  consider,  if  it  were 
eoeaiaiy  to  suppose  that  the  great  oscillations  of  climate  referred 
>  supervened  during  Post-glacial  times.  For  this  supposition,  how- 
ver,  there  appears  to  be  not  only  no  sufficient  reason,  but  the 
videnoe,  as  well  positive  as  negative,  seems  all  against  it. 

*  Ab  I  am  writing  for  geologists,  it  is  hardly  necessary  that  I  should  remind 
lem  that  this  is  the  yiew  Sir  Oharles  Lyell  inclines  to  hold  (Principles,  vol.  i., 
.  192).    Sir  John  Lahhock,  in  his  weU-inown  work,  is  of  the  same  opmoin  (^i^^\i. 
imm,  p.  dOl), 
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When  we  come  to  ask  why  our  oave-deposits  have  so  fisqiieQil^ 
been  relegated  to  Post-glacial  times,  we  get  no  satisfactory  answer- 
If  we  put  out  of  consideration  the  upper  layers  in  certain  cave^ 
deposits,  there  is  really  nothing  in  the  bone-earths  and  breccias  \o 
limit  the  age  of  these  accumulations  to  such  a  recent  period.    Ac* 
cordingly,  many  geologists  have  been  of  opinion  that  the  maminftiliaii 
remains  occurring  in  the  caverns  were  introduced  at  yarions  epodis, 
and  may  belong  to  Pre-glacial  equally  with  Post-glacial  ttmes. 
Buckland  thought  that  the  great  mammals  existed  in  Britain  befoie 
the  period  of  the  Diluvium  or  Drift,  and  his  belief  is  shared  by 
Mr.  Godwin-Austen  and  some  of  our  leading  geologists.    Professw 
Bamsay  is  decidedly  of  opinion  that  ''  caves  such  as  those  in  which 
mammalian  remains  occur  must  have  existed  in  Pre-glacial  times, 
and  therefore  it  would  be  strange,"  he  adds,  "  if  none  of  those  ex- 
plored contained  Pre-glacial  remains."    But  between  Pre-glacial  and 
Post-glacial  times  there  intervened  several  mild  inter-glacial  periods, 
during  which,  as  I  have  shown,  the  climate  in  Scotland  was  suited 
to  the  wants  of  the  mammoth,  the  reindeer,  the  Irish  deer,  the  uros, 
and  the  horse  ;^  and  I  have  also  pointed  out  that,  so  far  as  geological 
evidence  is  concerned,  there  is  nothing  to  show  that  some  inter- 
glacial  periods  may  not  have  been  warm  enough  to  cause  aU  the 
snow  and  ice  to  vanish  from  Britain.     K  su(£  was  the  case  as 
regards  Scotland,  England  must  have  been  characterized  by  similar 
climatal  conditions.     It  is  therefore  not  necessary  to  suppose  that 
any  large  portion  of  the  bone-deposits  was  Pre-glacial ;  for  during 
inter-glacial  periods  the  caves  would  form  dens  for  wild  beasts,  just 
as  they  must  have  done  in  pre-glacial  times.     To  some  such  mild 
and  genial  inter-glacial  period  or  periods  I  would  refer  the  hippo- 
potamus and  the  other  southern  forms  met  '^th  in  English  caves. 
The  conditions  under  which  these  animals  lived  need  not  have  been 
comparable  to  those  that  characterize  the  tropics.     All  that  we  are 
entitled  to  infer  is  that  the  winter  temperature  of  Britain  daring 
certain  inter-glacial  periods  must  have  been  mild  and  geniaL     It  is 
by  no  means  necessary  to  suppose,  however,  that  the  summers  were 
much  warmer  than  they  are  now.     An  equable  and  genial  cUmate, 
with  no  great  difference  between  the  seasons,  would  nourish  an 
abundant  vegetation,  and  render  the  country  habitable  for  a  prolific 
mammalian  fauna. 

But  it  will  be  objected  to  this  view  that  the  species  just  referred 
to  occur  also  in  the  river-gravels  of  England.  After  C€irefuUy  con- 
sidering the  evidence,  however,  there  seems  to  me  not  only  no 
proof  that  all  these  older  river-gravels  are  of  Post-glacial  age,  but, 
on  the  contrary,  many  considerations  induce  to  the  belief  that  such 
is  almost  a  physical  impossibility. 

^  Remains  of  the  Irish  deer  and  the  horse  were  obtained  in  tho  inter-glacial  beds 
at  Crofthead,  which  yielded  the  skull  of  unu.  Besides  these  fossila  theire  were 
other  fragments  of  bone,  which  my  friend.  Professor  Toung,  has  under  examination. 

(  To  he  continued  in  our  n$xt  nun^er,) 
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VI— BiPLY  TO  Mb.  James  Geikib's  Gobbelation  of  the  Sootoh 

AND  English  Glacial  Bbds. 
By  8,  V.  Wood,  jun.,  F.G.8. 

rius  fourth  paper  Mr.  Gteikie  sweeps  the  entiie  OlaoHtl  series  of 
the  Eastern  side  of  England  into  correlation,  not  only  with  the 
i  Soofadi  Till,  but  with  the  Boulder-clay,  both  Upper  and  Lower,  of 
tk  Korth-west  of  England.    This  he  does,  so  far  as  I  follow  him, 
without  any  other  grounds  than  that  there  are  beds  of  "gravel, 
Mod,  mud  and  day  "  in  the  Scotch  Till.    It  is  impessible,  within 
the  eompass  of  these  remarks,  adequately  to  contest  Mr.  G^ikie's 
views ;  but  if  the  evidence  of  organic  remains  is  to  be  regarded  as 
worth  anything,  such  a  correlation  cannot,  I  contend,  be  maintained. 
I  did,  indeed,  regard  the  Scotch  Till  as  probably  coeval  with  the 
''Oreat  chalky  clay;"  but  lam  now  disposed  to  think  that  even 
this  clay  is  older  than  the  Till,  and  to  question  whether  the  latter  can 
be  correlated  with  anything  older  in  Yorkshire,  Lincolnshire,  or  East 
Anglia,  than  the  purple  clay  of  the  two  first-named  counties. 

Geologists  are  aware  that  there  is  a  Crag  fauna  in  Britain,  and 
that  it  is  not  identical  with  any  recent  assemblage  of  mollusca ;  and 
if  the  fauna  of  one  set  of  Glacial  beds  shows  a  close  approach  to 
this  Crag  assemblage,  and  the  fauna  of  another  set  shows  no  such 
approaoh,  most  geologists  will,  I  think,  agree  that  the  former  set  is 
the  older  of  the  two.  Now  from  the  Lower  Glacial  sands  of  Norfolk 
there  have  been  obtained  82  forms  of  mollusca,  all  of  which,  with 
me  exception  (Tellina  Balthtca),  are  Norwich  Crag  shells ;  and  of  this 
iumber  three  (or  9  per  cent.)  are  not  known  living,  viz.,  Tellina 
Tratenuis,  Telltnq  ohliquay  and  Nuctda  Cohholdia.^  The  Middle 
Glacial  sands  of  Norfolk  and  Suffolk  have  yielded  81  forms  of 
nollusca ;  all  of  which,  with  four,  or  perhaps  five,  exceptions,  occur 
in  seme  part  of  the  Crag ;  and  of  these  81  there  are  10  (or  12^  per 
yent,)  not  yet  known  as  living,  viz.,  Trophon  medtglacialiay  Trophon 
BUlockbienBiSf  Nassa  puLchella,  Pleurotoma  assimilis,  Cerithium  tricinC' 
wn,  Nuctda  Cobholdia,  Asiarie  BurtirUif  A,  Omaliif  Erycinella  ovalis, 
md  Tellina  ohliqua?  From  the  Bridlington  bed,  which  occurs  in  the 
E^irple  Clay  of  Yorkshire  (a  clay  that  rests  upon  the  great  chalky 
iay  along  the  Holdemess  coast),  59  forms  of  mollusca  have  been 
>btained,  of  which  18  are  unknown  in  any  part  of  the  Crag ;  and  of 
hese  69,  two  forms  only  (or  rather  more  than  3  per  cent.)  are  not 
mown   living,   viz.,  Nucula   Cobboldm   and  TeUina  ohliqua.     The 

^  Some  concbologists  regard  this  shell  as  identical  with  Nucula  intignit  ih>m 
Tapan,  and  some  with  N,  Lyalli^  from  YancoaTer;  while  others,  my  father  and 
Djself  among  them,  regard  it  as  Cerent  from  both.  Even  supposing,  howerer, 
hiat  one  or  otner  of  these  living  Nucula  be  identical  with  CobboldicR^  yet,  for  such  a 
«8t  as  the  comparison  of  the  fauna  of  the  East  Anglian  beds  with  that  of  the  Scotch, 
t  is  much  the  same  whether  we  regard  the  shell  as  not  known  living,  or  as  living  in 
o  remote  a  sea  as  the  North  Pacific. 

*  The  first  four  of  these  shells  are  new  species,  figured  and  described  in  the  Sup^le- 
nent  to  the  Crag  Mollusca  now  awaiting  the  next  issue  of  the  Palaeontograpnical 
Society.    Some  of  these  may  probably  turn  out  to  be  living  forms,  which  would, 
^uce  the  12^  per-centage  or  extinct  ones.     Trophon  BiUoMiewM  ina^  ^^ovB^^^Xk^ 
h0  young'  ofHirpura  Mra^onay  an  extinct  Crag  species. 
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Bridlington  fauna,  moreover,  is  peculictrly  Arctic  and  North  Amerioaa, 
which  is  not  the  case  with  that  of  the  Lower  or  Middle  Gladd 
sands ;  ^  showing  that  the  cold  came  on  quicker  than  the  mollusGa 
could  migrate  with  it. 

Now,  in  the  face  of  this,  what  are  the  pretensions  to  antiquity  of 
the  Scotch  Till  ?  Some  intercalated  beds  of  gravel,  sand,  mud,  and 
day,  it  is  said.  But  intercalations  of  gravel,  sand,  and  mud,  oooor 
in  all  Glacial  clays,  whatever  be  their  age ;  and  the  Bridlington  bsd 
itself  is  merely  a  sandy  intercalation  in  the  body  of  the  Purple  day, 
the  Yorkshire  coast  showing  many  sucL  If  the  unfoflsiliferooi 
character  of  the  Scotch  Till  be  relied  on,  I  reply  that  this  oan  be  do 
ground  to  support  the  correlation  claimed,  but  merely  one  that  oaa  i 
be  urged  against  its  correlation  with  any  other  deposit.  The  \ 
Caithness  Clay,  however,  is  fossiliferous,  and  it  has  not  been  shown  ^ 
that  this  clay  is  distinct  in  age  from  the  Scotch  TilL'  Mr.  Groll 
did,  indeed,  attempt  to  show  that  it  was  the  bed  of  some  distant 
part  of  the  North  Sea,  shoved  into  Caithness  by  an  ice-sheet  press- 
ing down  from  Scandinavia,  and  filling  the  North  Sea  daring  the 
period  of  the  Scotch  Till ;  but  if  such  were  the  case  (whioh,  now- 
ever,  I  dispute),  that  would  not  remove  the  Caithness  clay  to  a  later 
period  than  the  Scotch  Till ;  for  the  fauna  of  this  clay  would 
either  be  that  of  the  period  of  the  Till,  or  of  the  immediately  pre- 
ceding i^eriod.  Now  the  fauna  of  the  Caithness  clay,  as  obtained  by 
Mr.  Peach,  and  identified  by  Mr.  Gwyn  Jeffreys,  comprises  66  forms 
of  molluBca,  of  which  12  have  not  occurred  in  any  part  of  the  Crag; 
but  the  whole  of  which  66  occur  ^  living,  and  living,  moreover,  on 
this  side  of  the  North  American  continent.  Tlie  molluscan  forms  of 
the  rest  of  tlie  beds,  both  of  the  East  and  of  the  West  side  of  Scotland 
(all  of  which  are  said  to  rest  on  the  Till),  are  about  90  in  number,^  and 
all  still  living  on  this  side  of  the  North  American  continent,  a  con- 
siderable arctic  fades  pertaining  to  some  of  them ;  and  of  these  no 
less  than  26  are  unknown  in  any  part  of  the  Crag,  showing  a  yet 
greater  departure  from  the  Crag  fauna,  in  accordance  with  their 
admittedly  newer  position  of  superiority  to  the  Till.  It  oannot  be 
urged  tliat  the  affinity  of  the  East  Anglian  beds  with  the  Crag  is 

^  The  Middle  Glacial  fauna,  howoyer,  affords  indicatioiis  of  the  incomiiig  of  this 
North  American  character  in  the  occurrenee  of  Venus  Jluduota,  a  Bridling^n  and 
North  American  shell  not  known  in  the  Crag. 

'  Mr.  Harmcr  and  I  examined  the  Scotch  hcds  on  the  one  side  of  the  Hi^ands  np 
to  Cromarty,  and  on  the  other  down  to  GlaB»)w.  Of  course,  our  ezaminatioo  was 
only  a  hasty  and  superficial  one ;  but  we  could  see  nothinp:  beyond  the  difference  in 
the  constituent  material,  due  to  the  different  character  of  the  rock  masseB  of  the  two 
areas,  to  separate  the  Bouldcr-elay  of  Cromarty  from  the  Till  of  the  re^on  west  of 
Glasgow.  If  I  am  not  mistaken,  the  Cromarty  clay  is  merely  a  continuation  of 
the  Clay  of  Caithness,  and  passes  up  into  the  Highland  boulaer  sands  about  the 
Northern  end  of  the  Caledonian  Canal,  as  the  Till  £>es  beyond  the  Southern  end. 

'  A  larger  number  than  90  hare  been  reported  from  these  beds ;  but  tfr.  Jamei 
Smith's  lists  are  not  trustworthy.  I  haye  taken  my  result  from  the  reyision  of  Mr. 
Smith's  authorities,  made  by  Mr,  Crosskey,  with  tlie  assistance  of  Mr.  Jefireys.  If 
the  other  (unautheaticated)  shells  mentioned  by  Mr.  Smith  be  added,  boweyer,  the 
fauna  would  not  be  altered  at  all  in  character,  nor  the  proportion  of  it  oocuning  in 
the  Crag  be  materially  rtried. 
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doe  to  geographical  canses,  because  the  shells  and  shell  fragments 
obteined  by  Mr.  Jamieson  in  Aberdeenshire,  although  derivatiYe  in 
tiw  gnvels  in  which  they  occurred,  clearly  show  that  the  Crag  fauna 
onoe  lived  in  Scotland,  as  we  know  that  it  also  did  still  further 
Korth  in  Iceland ;  and,  unless  they  have  been  wholly  ploughed  out 
by  the  ice,  such  Orag  beds  may  stiU  exist  in  Aberdeenshire,  concealed 
1^  the  Glacial  formation. 

If  it  be  asked  why  should  not  the  East  Anglian  Glacial  beds  occur 
in  Scotland,  and  in  the  North  and  North-west  of  England,  seeing 
that  all  these  parts  partook  of  the  same  depression,  the  answer 
i^ipean  to  me  a  very  simple  one.  When  the  period  of  maximum 
depraasion  was  attained  (which,  as  it  seems  to  me,  was  about  the  close 
of  the  contorted  drift  of  Norfolk  and  Suffolk),  the  seaward  edge  of 
the  ice-sheet  extended  as  far  as  the  west  of  those  counties ;  and  the 
material  degraded  by  that  sheet  always  travelling  outwards  to  this 
edge  furnished  that  which  makes  up  tlus  drift,  which  is  principally 
nd  sandy  mud,  and  the  soft  chalk  of  the  East  Anglian  counties 
xeoonstruoted  into  marl.  After  this  deposit,  the  ice  still  further 
extended,  scooping  in  so  doing  some  of  the  East  Anglian  valleys 
out  of  this  drift,  and  in  South  Suffolk  nearly  destroying  it.  At  this 
period  the  deposit  thus  resulting  from  the  shedding  of  the  outward 
tfsvelling  material  at  the  seaward  edge  of  the  ice  was  laid  down 
beyond  our  present  shores,  that  edge  being  somewhere  out  in  the 
North  Sea  beyond  the  Suffolk  and  Norfolk  coast  There  then  ensued 
a  continuous  recession  of  the  ice,  the  succeeding  Middle  and  Upper 
Olscial  deposits  going  down  into  the  valleys  so  excavated,  without, 
so  far  as  I  can  see,  any  elevation  or  oscillation  of  level  ha^ang  occurred 
until  the  Glacial  period  passed  away,  when,  but  not  until  when, 
emergence  took  place.^  Wherever  the  ice-sheet  rested,  there  I  con- 
tend no  deposit  occurred,  the  material  producc<l  by  its  action  inces- 
santly travelling  outwards  to  the  ice  edge,  to  be  there  deposited  in 
the  manner  shown  by  Mr.  Archibald  Geikie  in  his  Memoir  in 
the  Transactions  of  the  Glasgow  Geological  Society  for  1863,  the 
material  nearest  the  edge  being  deposited  in  an  unstratified  condition, 
from  which  it  shaded  off  into  first  the  streaked  and  obscurely  stra- 
tified, and  further  out  into  the  stratified  condition.  Thus  I  conceive 
the  dejK)sit8  succeeding  the  Contorted  Drift  have  their  sequence  only 
partly  in  the  vertical  and  mainly  in  the  horizontal  direction ;  the 

^  Mr.  De  Ranoe  argues  that  the  Lower  Boulder-dny  of  Lancashire  must  haye 
been  deposited  under  a  suhmeri^ncc  of  only  about  100  feet  beucath  the  present  sea 
lerel,  because  in  it  are  fragments  which  he  traces  from  rocks  to  the  north  of  it,  which 
itand  at  clerations  of  only  300  feet  If,  however,  as  I  believe,  the  depression  of  that 
period,  initoad  of  being  100,  was  upwards  of  1500  foet,  the  ico-sheet  blocking  out  the 
lea  and  renting  on  these  300  feet  elevations  would  convey  fragmeuls  from  them  into 
the  Boulder-clay  then  forming  at  the  seaward  edge  of  the  ice.  In  a  similar  way,  I 
now  believe  that  the  debris  of  the  Chalk  was  carried  into  the  great  Chalky  Clay  when 
the  highest  elevations  of  the  Chalk  country  were  Ir>1ow  tlic  sea  Icvol,  and  that  the 
aeoond  repreKntation  of  my  triple  section,  at  p.  90  of  the  2Uh  Vnlume  of  the 
Geological  Society's  Jouniiu,  instead  of  being  drawn  to  the  700  U^t  k'vel,  might,  by 
thickening  the  ice-sheet,  be  drawn  to  the  fs'ime  loOO  feet  levol  as  the  third,  the 
reuniting  phenomena  being  due  to  the  retreat  of  the  ice  alone  without  additional 
•ubfidcnoe. 
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ni  ia^amm  haiwm^  mmaSm^^gmd  iir  » <»RaiiL  -^■"■jny  die  psc* 
mes.  MS  ttcvm^  mcb.  funa^MlIj  loiii  <iswiL  ti^oil  pfctnia  tK*t  ^ 
ggg^ioM^ynwrnpW  anlybyiot — &  psos  w^ick  5».  ^  mrsD^ 
son.  ^mcj  dea^  d&maiii  frr  tte  i^saH;  Chalkw  ♦Haj  «ii  m 

Baw«T&  i£ac  «sles  if  tia  ffMrwn  MoiiziaDAfii  wiiidL  ccmas  dcy 

out  •SttHC  aC  SQCtMOfaEcL. 

Dmn^^  lis  UMwitTn  of  tia  dob.  die  miamiaiiiQas  &tncQ 
fccnei  ka  c&irf  ffldhsemg  ^vd  ^BsoLi  be  die  Ismc  Tmated 
aiuL  iiiTnanf^iaalj-  tba  <iipiiam  of  ami  cQBS^Tiu«n»  »  tfacae  i 
wmiU  be  lie  Ibkbe  n  d^  wiaie  usipBaice  ;^  and  xism  piL^^cal 


wiiei»du^cUk«dn.b«gwgMd:TO»^.,ff:  and  a^V 
'    Ae  «««»  of  AaB  daisy,  Aia  4Ai»  ««w  aha»«ds».  sifco^ 

aa^ttecfca^faaakaiej^tiJ>debr 

to  tie  "     >  'Tnai  ic^ion  cLia  Ae  CbaD 

CoBtmr  ao V  «»  Aii,  ^i^^  £^^g^  j 

Aro«gb«».  bdn^  cii^r  A^de  qd 

tik  BoiliiiCte  bed  wiw  isX 

lat  Aii5^iaB  badi.  wbile  cm  the  othe 
it  if  abo  deadtf  oUs  tian  tie  Scotti  Till  vtakin^  the  C« 
disj  M  fiKilBtiag  tie  franaa  of  lie  TiQ  period  >  tallTin^  in  U 
widi  ite  w^nmtiVtMUi:  piyscal  poBOA  becwieoi  the  period 
Eart  Aa^iaii  beda^  when  die  ica-ahMt  extoidcd  ot«-  the 
oounftiy  into  Scvfolk  and  S«lfi}Ik^  and  die  poiod  of  the  Sco4 
and  Cttdmeaa  CIsy,  when  the  sheet  had  receded  altegetho-  fi 
Torkihiie  Wold  and  odier  dialk  &*iicta.  hat  still  retained  in 

brace  die  iiioiiiilaindistricta<^  die  Nordi  of  England  and  of  S< 

The  East  An^^iaB  Lower  C^aoal  Aeiefore  appears  to  me 

the  nedier,  or  older,  extremitj  of  the  Glacial  seriea.  and  the  1 

gands  and  gimTol  of  die  moontain  districta  of  Britain  (whoa 

inaj  he  typified  bj  thai  of  the  Mod  TryDBten  bed)  the  up 

newer,  extremity ;  and  aa  I  take  it  that  it  was  only  near  the  i 

where  depodta  of  snch  a  thjckneas  aa  would  eaciq)e  den 

during  the  sobseqnent  emergence  were  formed,  the  newer  t 

the  series  axe  dios  munepreeented  OTer  the  chief  part  of  th 

where  die  older  terms  occur.    The  East  Anglian  Glacial  b 

more  distant  than  any  others  in  Britain  firom  the  monn 

districts ;   and  we  shonld  thns  look  for  an  older  facies  in  an; 

they  might  fnniish,  than  would  be  afforded  by  the  Glacial  * 

any  other  part  of  Britain.     Having  found  the  faunae  of  these 

tive  areas  to  present  just  this  feature,  are  we  then  to  shut  o 

to  it  and  ignore  its  obvious  bearing? 

The  Hessle  beds  do  not,  I  contend,  belong  to  the  Glacial  p 

all.    They  followed  the  re-occopation  of  the  terrestrial  surface 

country  by  the  Great  Mammalia,*  of  the  rivers  by  Cyrena  flm 

»  Kiephas  vrimigmiuM  and  the  bone  are  mentioned  by  Prof.  PhUlipa  a 

occomditt  MbandMnee  m  the  gratel  below  the  Heade  clay  at  Heaale. 


^*  v.  Wood,  Jun. — Reply  to  Mr.  James  Geihie.         175 

^4  of  fK 

8p^  "^s  Seas  by  a  mollnscan  assemblage,  not  merely  all  of  living 

k^ii'^^t  one  that  differs  in  but  a  slight  degree  from  that  inhabit- 
cj^  English  ooast  near  at  hand.     Mr.  Harmer  and  I,  in  1870, 
j^^ftttenijon  to  the  character  of  the  mollasca  of  the  Lancashire 
^j^  ftmd,  and  to  the  possibility  suggested  by  this  character,  that 
'^siad,  and  the  Upper  Boulder-clay  of  the  North-west  of  England, 
^^t  belong  to  the  Hessle  group-;  for  the  mollusca  of  this  middle 
^  (which  I  have  now  got  from  Wales,  Cheshire,  and  Lanca- 
wb)  is  all  of  the  same  modem  and  contiguous  English-coast 
^ii^sncter  as  that  of  the  Hessle  (Eelsea  Hill)  gravel,  and  of  some 
Norfolk  and    Cambridgeshire    post-glacial    beds.      In    these    two 
otNmties  we  have    beds  yielding  a  molluscan  fauna  of  the  same 
Britiah-ooast  character, — viz.,  at  March  and  several  other  places  in 
that  neighbourhood,  at  Hunstanton,  and  at  several  places   in  the 
Nar  Valley, — and  these  occupy  spaces  from  which  the  Glacial  beds 
iuiTB  been  removed  by  denudation.     From  the  knowledge  since 
gathered  by  us  as  to  these  beds,  and  from  the  various  evidence 
which  has  reached  me  from  the  North-west  of  England,  and  from 
the  Severn  valley,  the  possibility  suggested  by  Mr.  Harmer  and  my- 
self in  1870  has  grown  in  our  minds  into  a  probability  of  some 
strength.     One  fact  which  weighed  with  us  adversely  to  this  view 
was  the  limited  thickness  of  the  Hessle  clay,  and  the  comparative 
paocity  and  usually  small  size  of  the  boulders  in  it ;  although  one 
from  this  clay  at  Hessle,  now  in  the  Museum  of  the  Literary  and 
Fhiloaoplucal  Society  at  Hull,  is  of  considerable  size,  and  deeply 
grooved  by  parallel  strisB.    This,  however,  seems  to  me  capable  of  a 
satisfactory  explanation  by  reference  to  the  geographical  conditions 
attending  the  occurrence  of  this  clay  ;  for  under  the  limited  amount 
of  submergence  indicated  by  it,  when  compared  with  that  under 
which  the  true  Glacial  deposits  were  accumulated,  its  nearest  source 
of  supply  would  be  the  higher  parts  of  the  Chalk  Wold,  then  an 
island,  and  the  next  the  island  formed  by  the  Eastern  Moorlands — 
sources  far  more  limited  than  the  entire  shed  of  one  side  of  the 
Pennine  chain.     On  the  other  hand,  the  lower  elevations  of  the 
North-west  of  England,  over  which  the  Upper  Boulder-clay  of  that 
region  extends,  would  receive  the  entire  material  brought  down  by 
the  glaciers  occupying  the  valleys  on  the  Western  side  of  the  Pen- 
nine Chain  during  that  part  of  the  Post-glacial  period  to  which  the 
Hessle  clay  belongs,  when,  as  it  seems  to  me,  a  high  degree  of  cold 
returned  upon  Europe,  bringing  with  it  the  Reindeer,  and  eventually 
also  bringing  about  the  extinction  of  the  great  Pachydermata.     In  a 
similar  way  the  lower  parts  of  North  Wales,  over  which  this  Upper 
Boulder-clay  and  its  underlying  sand  with  modem  British  coast 
mollusca  extends,  and  the  Severn  Valley,  which  is  occupied  with 
thick  gravel-beds,  yielding  a  similar  modem  British-coast  molluscan 
fauna,  would   receive  the   entire  material  brought  down  by  the 
glaciers  occupying  the  valleys  of  the  Welsh  mountain  district     In 
the  North-east  of  England  Mr.  Rome  and  I,  subsequently  to  the 
publication  of  our  paper,  traced  an  Upper  Boulder-clay  and  under- 
lying sand  through  the  Yaie  of  York  into  that  of  t\io  T^^,  \7\i<;3cL 
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deposits  haying  followed  the  ice  edge  as  it  receded^  and  the  suaoeed- 
ing  deposits  having  overlapped  for  a  certain  distance  the  precedipg 
ones,  but  having  been  principeJly  laid  down  upon  places  that  wen 
previously  occupied  only  by  ice, — a  process  whidi  is,  to  my  apprehen- 
sion, very  clearly  exhibited  by  the  Great  Ghcdky  Clay  and  its  over- 
lying purple  day,  as  we  follow  them  northwards  from  the  Hnmbar 
towards  that  edge  of  the  Eastern  Moorlands  which  comes  down  t9 
the  coast  at  Scarborough. 

During  this  recession  of  the  ice,  the  mountainous  districts  whkb 
formed  its  chief  gathering  ground  would  be  the  last  vacated  by  it; 
and,  consequently,  the  deposits  of  and  contiguous  to  those  regionft 
would  be  the  latest  in  the  whole  sequence  r  ^nd  this  physical  hypo- 
thesis exactly  accords  with  the  pala&ontological  evidence.     Thus,  the 
position  of  the  &idlington  bed  is  at  the  horizon  in  the  purple  clay, 
where  the  chalk  debris  begins  greatly  to  fall  off ;  and  as  we  ascend 
in  the  section  of  that  clay,  this  debris  ceases  altogether,  showing  the     j 
eventual  total  release  of  the  chalk  from  its  icy  cap,  the  debris  from 
rocks  lying  nearer  to  the  mountainous  region  than  the  Chalk  Wold 
remaining  undiminished.     Contrary  now  to  this,  the  East  Anglian 
beds  are  equally  chalky  throughout,  being  chiefly  made  up  of  thai 
material    The  fauna  of  this  Bridlington  bed  we  see  is  deddedlj 
newer  than  that  of  the  East  Anglicm  beds,  while  on  the  other  hand, 
it  is  also  clearly  older  than  the  Scotch  Till  (taking  the  Caithneas 
clay  as  exhibiting  the  fauna  of  the  Till  period),  tallying  in  this  way 
wifii  its  intermediate  physical  position  between  the  period  of  the 
East  Anglian  beds,  when  the  ice-sheet  extended  over  the  chalk 
country  into  Norfolk  and  Suffolk,  and  the  period  of  the  Scotch  Till 
and  Caithness  Clay,  when  the  sheet  had  receded  altogether  from  the 
Yorkshire  Wold  and  other  chalk  districts,  but  still  retained  in  its  em- 
brace the  mountain  districts  of  the  North  of  England  and  of  Scotland. 

The  East  Anglian  Lower  Glacial  therefore  appears  to  me  to  form 
the  nether,  or  older,  extremity  of  the  Glacial  series,  and  the  boulder 
sands  £uid  gravel  of  the  mountain  districts  of  Britain  (whose  fauna 
may  be  typified  by  that  of  the  Moel  Tryfaen  bed)  the  upper,  or 
newer,  extremity  ;  and  as  I  take  it  that  it  was  only  near  the  ice-edge 
where  deposits  of  such  a  thickness  as  would  escape  denudation 
during  the  subsequent  emergence  were  formed,  the  newer  terms  of 
the  series  are  thus  unrepresented  over  the  chief  part  of  the  areas 
where  the  older  terms  occur.  The  East  Anglian  Glacial  beds  are 
more  distant  than  any  others  in  Britain  from  the  mountainous 
districts ;  and  we  should  thus  look  for  an  older  facies  in  any  fauna 
they  might  furnish,  than  would  be  afforded  by  the  Glacial  beds  of 
any  other  part  of  Britain.  Having  found  the  faunae  of  these  respec- 
tive areas  to  present  just  this  feature,  are  we  then  to  shut  our  eyes 
to  it  and  ignore  its  obvious  bearing  ? 

The  Hessle  beds  do  not,  I  contend,  belong  to  the  Glacial  period  at 
all.  They  followed  the  re-occupation  of  the  terrestrial  surface  of  this 
country  by  the  Great  Mammalia,*  of  the  rivers  by  Oyrena  flumifMli$, 

^  Elephas  primigetiitu  and  the  horse  are  mentioned  by  Prof.  PhiLlipt  as  haring 
occurred  in  abundiuice  in  the  gravel  below  the  Heaele  day  at  Hessle. 
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of  fha  leM  bj  a  molliuoan  QWomWnge,  not  merely  all  of  lining 
aiaSy  but  one  that  dUbm  in  but  a  dMit  ^ffxee  from  that  inhabit- 
ihe  'Kngjinh  ooaat  near  at  liancL  Mr.  luurmer  and  I,  in  1870, 
ed  attention  to  the  dian|oter  of  the  mullnsoa  of  the  Lanoaahixe 
idle  aand,  and  to  the  poeaibility  snggeated  by  thia  oharaotor,  that 
[L«md,  Mid  the  Upper  Boulder-oUy  of  the  North-west  of  THigland, 
^t  bekng  to  the  jteade  group*;  mr  the  mollnsoa  of  this  middle 
d  (which  I  have  now  got  from  Walea,  Oheahiie,  and  Lanoa- 
Ee)  is  all  of  the  same  modem  and  oontignous  Bngiish-ooast 
nMoter  as  that  of  the  Heasle  (Eelsea  Hill)  gravel,  aiuK  of  some 
riblk  and  Cambridgeshire  post-glaoial  be£.  In  these  two 
nties  we  have  beds  yielding  a  mollasoan  &nna  of  the  same 
tiah-ooast  oharaofcer, — ^vis.,  at  Maroh  and  several  other  plaoes  in 
t  neMrhboorhood,  at  Hnnstanton,  and  at  several  plaoes  in  the 
r  Yalkyi — and  these  oooapy  spaces  from  which  the  Glacial  beds 
^6  been  removed  by  denndation.  From  the  knowledge  since 
heied  by  ns  as  to  the#e  beds,  and  from  the  vaxions  evidence 
nh  has  reached  me  from  the  North-west  of  England,  and  from 
Severn  valley,  the  possibility  8ii^;gested  by  Mr.  Harmer  and  my- 
r  in  1870  has  grown  in  onr  mmds  into  a  probability  of  some 
mgth.  One  fact  which  weighed  with  us  adversely  to  this  view 
i  the  limited  thickness  of  the  Hessle  day,  and  the  comparative 
icity  and  usually  small  size  of  the  boulders  in  it ;  although  one 
tn  this  clay  at  Hessle,  now  in  the  Museum  of  the  Literary  and 
ilosophical  Society  at  Hull,  is  of  considerable  size,  and  deeply 
oved  by  parallel  strisB.  This,  however,  seems  to  me  capable  of  a 
Isfactory  explanation  by  reference  to  the  geographical  conditions 
mding  the  occurrence  of  this  clay ;  for  under  the  limited  amount 
submergence  indicated  by  it,  when  compared  with  that  under 
ich  the  true  Glacial  deposits  were  accumulated,  its  nearest  source 
supply  would  be  the  higher  parts  of  the  Chalk  Wold,  then  an 
md,  and  the  next  the  island  formed  by  the  Eastern  Moorlands — 
irces  flEur  more  limited  than  the  entire  shed  of  one  side  of  the 
onine  chain.  On  the  other  hand,  the  lower  elevations  of  the 
rth-west  of  England,  over  which  the  Upper  Boulder-clay  of  that 
;ion  extends,  would  receive  the  entire  material  brought  down  by 
)  glaciers  occupying  the  valleys  on  the  Western  side  of  the  Pen- 
le  Chain  during  that  part  of  the  Post-glacial  period  to  which  the 
esle  clay  belongs,  when,  as  it  seems  to  me,  a  high  degree  of  cold 
umed  upon  Europe,  bringing  with  it  the  Beindeer,  and  eventually 
0  bringing  about  the  extinction  of  the  great  Pachydermata.  In  a 
lilar  way  the  lower  part«  of  North  Wales,  over  which  this  Upper 
nlder-clay  and  its  underlying  sand  with  modem  British  coast 
•llnsca  extends,  and  the  Severn  Valley,  which  is  occupied  with 
ck  gravel-beds,  yielding  a  similar  modem  British-coast  mollusoan 
na,  would  receive  the  entire  material  brought  down  by  the 
iciers  occupying  the  valleys  of  the  Welsh  mountain  district  In 
»  North-east  of  England  Mr.  Borne  and  I,  subsequently  to  the 
blication  of  our  paper,  traced  an  Upper  Boulder-day  and  under- 
ng  sand  through  the  Yale  of  York  into  that  of  like  Tom,  "wYi^ki 
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seemed  to  lu  to  be  a  oontinnation  of  tke  Hessle  day  and  Band.  The 
thickneBS  presented  by  this  day  was  greater  than  that  presented  bj 
the  Hessle  along  the  Holdemess  ooast  section,  and  it  was  nsoallj 
much  foller  of  boulders.  This  feature,  however,  seems  due  to 
similar  causes  to  those  which  account  for  the  greater  thickness  of  tlio 
Upper  clay  of  the  North-west,  since,  like  the  area  of  that  day,  the 
Vales  of  York  and  of  the  Tees  lie  conti^ous  to  the  Pennine  Ghain, 
and  would,  in  like  manner  to  the  Lancfi^ire  lowlands,  be  copiously 
supplied  by  material  brought  down  by  gladers  occupying  its  valkyii 
Information  furnished  me  by  Mr.  Topley,  of  the  Geological  Suttot, 
of  sections  in  Northumberland,  and  the  perusal  of  a  piqper  by  Mr. 
Howse  relative  to  Uie  beds  of  that  county  and  of  Durham,  lead  me 
to  think  that  the  Hesde  Group  is  continued  to  the  firontier  of 
Scotland ;  but  how  far  it  may  penetrate  that  part  of  Britain  I  have 
no  information. 


ITOTIOES      OIF      IMIEn^OirRS. 

I. — Scheme  fob  the  Consebvation  of  Bemabkable  Boulders 
IN  Scotland,  and  fob  the  indication  of  thbib  position  on 
Maps.  By  D.  Milne  Home,  F.B.S.E.,  F.G.S.  From  the 
Proceedings  of  the  Boyal  Society  of  Edinburgh,  1870-71. 

THE  scheme  which  was  set  on  foot  last  summer  at  Edinbnigh,  by 
Mr.  Milne  Home,  for  the  preservation  in  situ  of  all  the  larger  and 
more  interesting  Boulders  of  Scotland,  has  now  assumed  a  definite 
shape.  The  paper  in  which  the  promoter  discussed  the  subject,  and 
ably  demonstrated  its  importance,  has  been  largely  circulated  among 
geologists  and  others  North  of  Tweed,  and,  we  believe,  to  some  few 
in  the  North  of  England.  Accompanying  the  papers  are  forms  for 
recording,  in  a  clear  and  uniform  manner,  the  occurrence,  size,  posi- 
tion and  nature  of  every  remarkable  boulder  to  be  found  in  the  parish 
or  immediate  neighbourhood  of  each  observer.  In  this  way  a  large 
array  of  facts  will  fall  into  the  hands  of  Mr.  Milne  Home's  Com- 
mittee, which  it  will  be  their  business  to  arrange,  tabulate,  and 
otherwise  to  mould  into  an  available  form.  This  work,  if  properly 
conducted,  should  be  much  more  than  a  mere  catalogue,  and  indeed 
would  far  outweigh  in  general  value  the  actual  preservation  of  the 
more  noteworthy  of  the  boulders  themselves.  It  would  throw  light 
upon  many  points  connected  with  the  transport  of  Boulders  in  North 
Britain  which  are  at  present  by  no  means  clear  to  us,  and  all  students 
of  glacial  phenomena  would  hail  such  a  work  as  one  of  primary  im- 
portance to  them.  One  rule,  however,  which  the  Committee  have 
printed  at  the  head  of  their  forms  will,  it  seems  to  us,  if  adhered  to, 
materially  lessen  the  value  of  the  undertaking,  and  that  is  embodied 
in  the  note  limiting  the  stones  to  be  registered  to  those  above  a 
oertain  number  of  tons  in  weight 

Now  it  is  obvious  that  from  a  geological  point  of  view  a  compara- 
^urely  small  block  may  in  many  cases  be,  from  its  position  or  com- 
Htotion^  or  from  very  distinct  indications  of  its  origin,  much  better 
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worth  noting  and  desoribing,  and  may  fumisli  a  feir  more  instrnotive 
aoooimt  of  its  trayels,  than  an  enormous  monolite  whose  only  merit 
is  size.  In  oases  of  this  kind  the  observers  should  be  allowed  to 
use  their  own  discretion,  and  should  record  not  only  what  is  huge, 
but  what  is  of  yalue ;  and  no  doubt  many  of  them  will  do  so,  not- 
withstanding the  recommendation  of  the  Committee  to  the  contrary. 
With  regard  to  the  preservation  which  will,  we  presume,  follow 
(has  census  of  the  Boulders,  the  subject  connects  itself  naturally  with 
tiie  preservation  of  all  our  out-door  objects  of  scientific  and  historical 
lofeBrest,  and  more  'especially  with  that  of  the  so-called  Druidio 
monuments,  and  of  Uie  numerous  inscriptions  and  sculptures  on 
aatoral  rook-&ces  which  are  yearly  disappearing  from  Britain  under 
the  brutal  treatment  of  tourist  roughs.  That  such  a  general  curator- 
ahip  of  the  monumental  curiosities  of  the  country  is  not  imthought 
ot  we  have  an  earnest  of  in  the  purchase  of  Avebury  by  Sir  John 
Imbbock.  G.  A.  L. 

March  12,  1S72. 

^9*  In  connexion  with  the  foregoing  we  append  the  following 
Note,  which  may  prove  of  interest  to  those  who  are  engaged  in 
collecting  information  respecting  Erratics. — Edit.  Oeol.  Mag. 

n. — ^NOTE  OK  ▲  BOULDEB  NKAB  OlD  ClEEVE,  WeST  SoMEBSET. 

By  S.  G.  Pbrcbval,  F.G.8. 

rmay  be  worth  mentioning  in  your  Magazine,  that  a  large  shrub- 
grown  Boulder,  seven  or  eight  feet  in  height  and  several  feet  in 
circumference,  formerly  stood  at  the  base  of  the  hill,  in  a  field  to 
the  west,  immediately  below  New  Bam,  about  a  mile  north  of  Old 
Qeeve  Church.  The  rock  composing  it  was  felspathic  or  siliceous, 
exceedingly  hard  and  compact,  with  angular  fracture,  of  a  dull 
yellowish  colour,  in  parts  mottled  and  striated  of  a  greenish-black 
odour.  Spherical  concretions — of  the  same  mineral  character — 
with  a  concentric  structure,  some  attaining  the  size  of  a  cannon-ball, 
occurred  in  portions  of  the  mass.  There  was  no  trace  of  organic 
remains,  except  some  markings  which  might  indicate  the  presence 
of  organisms  of  a  low  type.  According  to  Professor  Bamsay,  to 
whom  I  sent  some  specimens  a  few  years  ago — which  are,  perhaps, 
BtOl  at  Jermyn  Street — a  rock  bf  a  similar  description  occurs  in 
Carnarvonshire.  From  its  position  at  the  base  of  the  hill,  it  might 
be  supposed  that  the  boulder  had  been  deposited  there  at  a  time 
when  &e  sea  extended  thus  far.  The  coast  at  Blue  Anchor  is  at 
present  more  than  a  mile  distant.  The  occurrence  of  such  a  boulder 
in  the  neighbourhood  was  a  circumstance  quite  unique.  It  was 
probably  perfectly  distinct  from  any  formation  in  the  West  of 
ilngland,  and  I  have  never  seen  a  specimen  of  this  kind,  possessing 
so  much  interest,  or  whose  origin  was  more  unaccountable. 

A  smaller  fragment  of  the  same  rock  existed  in  a  lano  to  the  north 
of  Old  Cleeve  Church,  less  than  a  mile  distant  from  the  principal 
boulder,  and  at  about  the  same  altitude. 
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I  am  sorry  to  say  that  the  boulder  has  within  the  last  few  yean 
been  broken  up  for  the  purpose  of  mending  the  roads. 

It  may  be  worth  mentioning  in  connexion  with  this  boulder,  dttt 
on  the  brow  of  the  hill,  in  a  field  on  the  south  of  the  Watchet  Boid, 
beyond  the  top  of  the  hill  descending  to  Blue  Anchor,  there  m 
formerly  a  small  boulder  of  quartz  conglomerate  projecting  above 
the  turf.  Also  at  low- water  mark  off  the  commencement  of  the 
Alabaster  Cliffs  at  Blue  Anchor,  a  large  roimd  boulder  of  the  flame 
conglomerate,  which  probably  had  draped  from  the  top  of  the  diS 
— as  it  has  been  gradually  worn  away — ^where  it  would  have  been 
in  the  same  relative  position  with  the  previous  boulder  as  reg^azds 
the  edge  of  the  hill.  These  boulders  may  have  been  derived  firom 
a  Carboniferous  or  older  conglomerate.  I  am  not  aware  of  suoh  ft 
conglomerate  in  the  New  Bed  formation. 

Th&  Drift  overlying  the  coimtry  is,  in  a  great  measure,  derived 
&om  the  Devonian  rocks  of  the  district,  with  a  large  intermixture  of 
rolled  quartz  and  hsBmatite,  which  occur  abimdantly  in  the  Brendon 
Hills.  In  the  flat  country,  between  Blue  Anchor  and  Withycombe, 
there  is  a  deposit  of  angular  grauwacke  drift,  which,  between  Kne 
Anchor  and  the  Pill  (a  small  river),  is  overlain  by  a  deposit  of  peat 
and  remains  of  a  forest,  with  occasional  horns,  etc,  of  red  deer. 
This  drift  is  exposed  below  the  beach  near  the  mouth  of  the  Fill  at 
Blue  Anchor. 


I. — ^Pbinciples  of  Geology;  ob,  the  Modern  Changes  of  th« 
Earth  and  its  Inhabitants  oonsidebed  as  Illustbativx  or 
Geology.  By  Sir  Chables  Lyell,  Bart.  Eleventh  and  entirely 
Revised  Edition.     Murray.     1872. 

n. — The  Student's  Elements  of  Geology.  By  the  same  Author. 
Murray.     1871. 

IT  has  been  well  remarked  that  <<  there  is  no  subject  in  the  whole 
realm  of  human  knowledge  that  cannot  be  rendered  clear  and 
intelligible  if  we  ourselves  have  perfectly  mastered  it"  We  are, 
therefore,  pleased  to  see  our  greatest  authorities  coming  forward  in 
answer  to  the  increasing  demand  for  a  more  popular  teaching  of 
science,  and  gladly  welcome  a  new  work,  and  a  new  edition  of  sm 
old  work,  from  the  pen  of  Sir  Charles  Lyell. 

I. — It  is  more  than  forty  years  since  the  Principles  of  Geology  first 
appeared.  In  those  days  the  true  methods  of  scientific  investigation 
were  but  ill  understood,  and  Cuvier's  Theory  of  the  Earth  was  sup- 
posed to  offer  a  sufficient  explanation  of  the  laws  which  have 
governed  the  formation  of  its  crust  To  examine  the  modem 
changes  in  the  organic  and  inorganic  world,  to  study  the  operations 
of  Nature  as  far  as  they  come  under  our  direct  observation,  and 
then  to  compare  the  phenomena  observed  in  the  rocks  with  results 
of  agencies  which  we  have  seen  in  operation,  was  a  mode  of  treating 
the  subject  which  recommended  itself  at  once  to  the  common  sense 
and  growing  ireedom  of  thought  oi  tii^  a^. 


Seviem — LyeWi  Princ^les  of  Oeology.  179 

for  forty  yean  has  the  progress  of  the  science  been  watched,  and 
le  results  of  varied  research  carefolly  examined  by  one  who  can 
iy  in  almost  all  branches  of  (^logical  inqjairy,  Quorum  pews  magna 
«.  Hence,  while  the  general  reader  turns  to  Sir  Charles  Lyell's 
rodu  Ibr  tfa»  most  trustworthy  account  of  what  has  been  discovered 
7  geology,  and  the  inferences  which  may  be  drawn  from  those 
iiaooverieSy  the  geologist  tarns  to  each  new  edition  to  see  what  is 
ik  judgment  upon  the  more  speculative  questions  which  have  been 
mder  examination  since  the  appearance  of  his  last  edition. 

Most  of  the  readers  of  the  Osolooioal  Maoazinb  are  familiar 
fith  and  accept  the  Principles  of  Geology.  We  will  therefore 
oiifine  ourselves  chiefly  to  some  of  the  points  which  have  been 
eoently  under  discussion. 

Sir  Charles  Lyell  has  made  no  change  in  the  great  Prindplea 
qpon  which  he  bases  all  his  inferences.  When  we  see  phenomena 
vecisely  analogous  to  effects  of  which  we  know  the  cause,  we  must 
s^plain  those  phenomena  by  referring  them  to  similar  agencies  to 
liose  which  we  now  see  producing  precisely  similar  results — 

Neo  dens  intenit  nisi  digniu  yindice  noduB. 
But  at  the  same  time  he  shows  us  that  it  is  part  of  Nature's  plan  by 
the  aocomulation  of  small  effects,  to  produce  great  results. 

Our  author  excludes  from  his  inquiry  all  speculation  as  to  what  may 
have  been  the  origin  of  the  earth,  and,  holding  that  *'  Oeology  differs 
as  widely  from  Cosmogony  as  speculations  concerning  the  mode  of  the 
first  creation  of  man  differ  from  History"  (p.  5),  considers  only  the 
mode  of  formation  of  that  portion  which  oomes  under  our  observa- 
tion, and  the  conditions  which  must  have  prevailed  at  the  several 
periods  of  its  history.  But  while  he  passes  by  such  questions  as  the 
nebular  hypothesis,  and  the  original  fluid  condition  of  our  planet,  as 
foreign  to  the  scope  of  his  work,  there  are  astronomical  questions 
of  the  greatest  importance  to  geology  which  he  goes  into  very  fully. 

It  is  a  well-ascertained  fact  that  there  have  been  great  vicissitudes 
of  climate  from  very  early  periods.  Here  we  have  the  fern  and  the 
fine,  where  boreal  cold  once  prevailed ;  and  there  conditions  are 
reversed,  and  we  find  that  magnolias  once  bloomed  within  the  Arctic 
r^ons.^ 

We  need  not  pause  long  over  the  view  which  would  account  for 
)beerved  changes  of  climate  by  the  theory  that  the  eartli  has  been 
xx>ling  down  from  an  original  high  temperature.  Sir  Charles  has 
»pre8sly  combated  it  (p.  2%) ;  and  appealing  to  some  calcidations  of 
Ltftplaoe  on  the  length  of  the  day,  points  out  that  ''  there  are  no 
[KMutive  proofs  of  a  secular  decrease  of  internal  heat  accompanied  by 
xmtraction."  In  chap.  vii.  also  be  has  given  a  clear  refutation  of 
he  doctrine  of  the  supposed  former  intensity  of  the  igneous  forces, 
irhich  to  a  certain  extent  involves  the  same  question.  Tliis  does  not 
imply  that  our  author  liolds  there  has  been  no  such  gradual  cooling 
lown  of  our  planet,  but  only  that  if  there  has,  it  must  have  gone  on 
X)  such  an  extent  before  our  history  begins  that  we  have  no  evidence 
)f  any  perceptible  difference  within  the  period  of  which  the  locikft 

*  Student's  Eiements,  p.  215. 
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offer  us  a  record.  But  there  is  often  evidenoe  of  the  climate  haying 
been  very  different  from  what  it  is  found  to  be  in  the  same  area  now, 
though  tiie  change  has  sometimes  been  itom  warmer  to  colder,  and 
sometimes  vice  versd. 

Our  author  discusses  very  fully  the  varioua  a8bx)nomical  csoaeB 
which  may  have  influenced  climate.  Perhaps  liie  most  important 
of  these  is  the  obliqaity  of  the  ecliptic,  to  which  the  piienomenon  of 
the  seasons  is  due.  "Whenever,"  says  Sir  Charles  Ijyell,  "the 
obliquity  is  greater  than  now,  more  of  the  arctic  and  antarctio 
regions  would  be  exposed  to  a  long  night  in  winter, .  .  ;.  .  and  under 
the  opposite  circumstances  the  reverse  would  take  place."  (v.  293.) 

There  is,  however,  another  condition  to  be  considered.  The  earn 
moves  roimd  the  sim  in  an  ellipse,  having  the  sun  in  one  of  the  foci, 
so  that  the  earth  is  much  nearer  to  it  at  one  part  of  the  year  than  at  i 
the  other,  and  the  excentricity  of  the  orbit  varies  so  that  the  dif* 
ference  between  the  distance  when  it  is  nearest  and  when  it  is 
farthest  is  much  greater  at  one  time  than  another.  "Still,  as  the 
extreme  amount  of  difference  in  the  quantity  of  heat  annnally  ^ 
ceived,  owing  to  such  change  in  the  minor  axis,  can  never,  by  posn- 
bility,  exceed  the  whole  supply  in  a  ratio  of  more  than  1003  to  1000, 
it  may,  he  [Sir  John  Herschel]  says,  be  neglected  in  our  geological 
speculations."  (p.  273.) 

Climate,  however,  depends  not  only  upon  the  absolute  amount  of 
heat  received,  but  also  upon  the  manner  in  which  it  is  distributed 
throughout  the  seasons ;  and  if  "  the  extreme  of  possible  obliquity 
happened  to  combine  with  the  maximum  excentricity,  and  with 
geographical   circumstances  of  an  abnormal  character,   like  those 
now  prevailing  in  high  latitudes,  a  greater  intensity  of  cold  would 
be  produced  than  could  exist  without  such  a  combination."  (p.  298). 
It  is  therefore  of  great  importance  to  consider  which  pole  is  turned 
away  from  the  sun  in  aphelion  under  such  conditions  as  here  sup- 
posed, and  astronomers  show  us  that,  owing  to  a  combination  of 
movements,  the  earth's  path  is  so  modified  at  intervals  of  a  little 
more  than  10,000  years,  that  the  pole  which  wew  towards  the  sun 
when  the  earth  was  nearest  is  now  towards  the  sun  when  the  earth 
is  farthest,  and  vice  versd.     It  is  a  matter  of  calculation  when  this 
combination  of  astronomical  causes  shall  occur  for  either  pole.     Yet 
without  "  geographical  circumstances  of  an  abnormal  character,"  the 
effect  of  such  astronomical  combinations  would  hardly  be  felt ;  the 
mean  temperature  would  vary  only  within  a  very  few  degrees,  and 
the  climate  but  little.     But  if  we  follow  our  author,  we  shall  find 
what  a  vast  difference  it  makes  in  the  climate  of  any  region,  whether 
it  has  land  all  round  to  absorb  and  give  out  again  the  heat  of  a 
tropical  sun,  or  an  ocean  which  will  catch  but  little  and  slowly  part 
with  what  it  has  caught ;  whether  we  have,  collected  roimd  the  pole, 
land  to  gjither  winter  snow  and  prove  a  vast  refrigerator  when 
summer  comes,  or  an  ocean  whore  little  ice  can  be  formed  and  little 
finow  l)e  gathered. 

True  to  his  Principles,  Sir  Charles  Lyell  examines  what  are  the 
conditions  which  prevail  on  the  earth,  iiovf  m  hemispheres  and  along 
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parallelB  ei  latitude,  where  we  should,  from  astronomical  causes,  ex- 
pect a  unifonD:  climate,  and  points  out  that  '*  the  climates  of  South 
Georgia  and  Tierra  del  Fuego,  in  the  same  latitude  as  well  as  in  the 
same  hemisphere,  are  at  present  so  different  that  the  former  might  be 
supposed  to  beloi^  to  a  glacial  period,  while  the  latter,  by  its  flowers 
sod  hmnimng-birds  in  the  winter,  and  the  genera  of  marine  moUusca 
in  tlie  adjoimng  sea»  might  indicate  to  the  traveller  as  well  as  to  some 
fatme  geologist,  such  a  temperature  as  has  been  spoken  of  as  per- 
petual spring.  .  This  contrast  is  due  to  geographical  causes,  which  if 
ravened,  so  that  Tierra  del  Fuego  became  the  oceanic  island,  would 
leverse  the  dimate  also."  (p.  288.)  Another  striking  example  is  given, 
p.  242f  where  we  read  that  in  Sandwich  Island,  in:  a  latitude  very 
nearly  eoneepondmg  to  the  north  of  Scotland,  during  the  hottest 
thne  of  the  year  the  whole  country,  from  the  top  of  the  mountains  to 
ihe  brink  of  the  sea-cliffs,  was  covered  with  snow  many  fathoms  thick* 
8n  small  is  the  difference  of  temperature  produced  directly  by  the 
•Btionon»oal  causesv  and  so  large  the  effects  to  be  referred  to  geo- 
graplucal  arrangements,  even  when  not  aided  by  astronomical 
oombiDations,  or  perhaps  in  spite  of  them.  Mr.  Croll  has,  however, 
toggested  some  more  indirect  causes  of  excessive  cold  under 
medal  ciroumstanoes  of  maximum  exoentricity,  etc*  He  considers 
that  all  the  moisture  falling  as  snow,  the  summer  sun,  obscured  by 
IbgBy  would  be  unal^e  to  remove  it,  and  so  there  would  be  a  storing 
op  of  pc^ar  ice  from  year  to  year  to  such  an  extent  as  even  to  derange 
the  ecurth's  centre  of  gravity,  to  say  nothing  of  its  withdrawing  so 
much  water  from  the  ocean. 

In  reply  to  this,  Sir  Charles  points  out  that  without  abnormal 
geografphical  conditions  there  could  be  no  increase  of  cold  from  year 
to  year ;  for  instance,  whenever  a  deep  ocean  prevailed  at  both  poles 
ihere  could  be  no  storing  up  of  ice ;  that  there  was  no  proof  that  the 
increasing  heat  of  summer  would  not  be  sufficient  to  absorb  all  the 
aqueous  vapour,  p.  280 ;  that  when  dry  winds  blow,  snow  wastes 
away  like  camphor,  without  melting,  p.  289.  But  space  will  not 
allow  B6  to  dwell  on  these  interesting  questions  any  longer,  and  we 
will  only  refer  our  readers  to  chs^ter  xiii. 

Our  author  also  investigates  the  origin  and  distribution  of  ocean 
onrrents  and  the  temperature  of  the  deep  sea.  This  is  also  very 
important  in  its  bearing  upon  ancient  climatal  conditions :  for  if  we 
find  Arctic  cold  prevailing  at  the  bottom  of  Tropics^  oceans,  that 
must  teach  us  to  be  cautious  in  inferring  too  hastily  from  the  pre- 
sence of  certain  forms  of  life  which  are  now  found  only  in  water  of 
a  higher  or  lower  temperature,  that  the  general  climatal  conditions 
must  have  been  very  different  from  what  we  now  find  them  in  the 
same  area.  How  far  a  fuller  knowledge  of  the  operations  of  ocean 
currents  may  remove  some  of  the  difficulties  of  explaining  the  occur- 
rence of  tropical  plants  within  the  Arctic  circle  or  the  dwarfed  forms 
of  life  of  many  ancient  formations,  we  must  wait  to  see. 

n.  We  learn  from  the  preface  to  the  Student's  Elements  of  Geology, 
that  it  is  founded  upon  the  author's  earlier  work,  the  Elements  of 
Qeoiogy,  which  he   haa  abridged  by  omitting   man^   ^yhXa  qI 
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speculation  wbieh  he  had  felt  boviHd  to  ge  into  more  folly  in  his 
former  work.  But  new  discoveries  had  to  be  notieed,  new  theories 
oonsidered,  to  bring  the  book  up  to  the  day,  said  it  had  to  be  entirely 
recast. 

Several  important  changes  bearing  upon  the  classification  of  both 
the  older  and  newer  rocks  may  be  noticed ;  sometimes  in>volving  a 
change  in  the  brackets  by  which  we  group  together  the  strata  accord- 
ing to  the  evidence  we  have  of  the  continuity  or  discordance  of  the 
conditions  whidh  prevailed  at  successive  periods;  and  sometimes 
arising  from  a  more  detailed  subdivision  of  beds  which  have  been 
better  worked  out.  For  instance,  the  discovery  of  a  rich  fiaiuia  in 
rocks  of  Cambrian  age  in  North  and  South  Wales,  as  well  as  en  tiie 
Continent,  has  called  for  a  new  nomenclature  in  that  part  of  the  series. 
Tho  reconsideration  of  the  evidence  for  drawing  the  line  between 
Lower  and  Upper  Silurian  in  the  middle  of  the  Llandovery  rooks 
has  led  our  autiior  to  bracket  those  formations  together,  and  draw 
the  strongest  line  provisionally  at  the  base  of  the  Lower  Llandovery. 
(p.  452.)  "  I  formerly,"  says  Sir  Charles,  "  adopted  the  plan  of  those 
who  class  them  as  Middle  Silurian,  but  they  are  scarcely  entitled  to 
this  distinction,  since,  after  about  1400  Silurian  species  have  been 
compared,  the  number  peculiar  to  the  group  in  question  only  'gives 
them  an  importance  eqcusJ  to  such  minor  subdivisions  as  the  Ludlow 
or  Bala  groups.  1  therefore  prefer  to  regard  them  as  the  base  of  the 
Upper  Silurian,  to  which  group  they  are  linked  by  more  than  twice 
as  many  species  as  to  the  Lower  Siluriui.  By  this  arrangement  the 
line  of  demarcation  between  the  two  great  divisions,  though  oon- 
fessedly  arbitrary,  is  less  so  tiian  by  any  other."  (p.  452.)  It  does 
not  matter  so  much  whether  they  are  grouped  .together  as  a  Middle 
Silurian  or  as  a  distinct  division  at  the  base  of  the  Upper  Silnrian, 
for  our  divisions  are  well  known  to  be  not  of  equal  value ;  but  it  is 
very  important  to  place  these  rocks  together  in  one  group,  instead 
of  making  the  Lower  Llandovery  belong  to  one  great  division  of  the 
series,  and  the  Upper  Llandovery  to  another. 

After  a  re-examination  in  the  field  of  the  rocks  of  Devon,  our 
author  speaks  of  them  still  as  "  the  marine  type  of  the  British  strata 
intermediate  between  the  Carboniferous  and  Silurian."  (p.  431.)  As 
long  as  we  cannot  clearly  correlate  either  newer  or  older  Devonian 
beds  with  rocks  also  known  to  be  ''  intermediate  between  the  Car- 
boniferous and  Silurian  "  on  the  other  side  of  the  Bristol  Channel,  we 
may  well  be  content  to  wait  for  further  evidence  before  we  come  to 
a  definite  conclusion  as  to  whether  or  not  we  have  in  Devonshire  the 
exact  equivalent  of  the  great  mass  of  Old  Bed  whieh  suooeeds  the 
Tilestones  conformably  in  South  Wales ;  or  whether  we  have  beds 
homotaxially  related  to  the  Lower  Carboniferous  with  its  Lower 
Limestone  shale  in  one  area,  and  rough  conglomerate  in  another. 
Possibly  these  beds,  being  more  closely  allied  to  the  Carboniferous 
than  to  the  true  Old  Bed,  were  deposited  in  the  Devonian  (unea  while 
a  wave  of  depression  was  travelling  ^m  south  to  north,  thus 
mnking  the  depoedts  of  the  southern  district  of  eariier  date.  At  any 
rate,  the  interval  between  the  SiluTidai  «sid  Carboniferous  is  so 
enormous  that  we  should  have  plentj  q£  looisi  ioi  iSlVitf^  ^o^^Vi^ 
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even  on  the  extreme  snppoeitioii  that  all  the  so-oalled  Devonian  was 
newer  than  nearly  all  the  so-called  Old  Bed. 

Hxkxkk  valuahle  new  matter  has  heen  mtroduoed  into  the  description 
of  the  Lower  Cretaceous  rooks,  and  a  more  fnll  discussion  of  the  age 
of  the  Blaokdown  Beds  is  given  at  p.  277. 

We  need  go  no  further  than  to  notice  how  all  the  newest  evidence 
to  be  obtiiined  as  to  the  fossil  flora  of  Miocene  and  other  periods,  and 
the  many  new  facts  and  theories  bearing  upon  glacial  phenomena, 
have  been  weighed,  and  the  results  clearly  stated,  to  show  that  we 
have  in  the  '*  Student's  Elements"  a  most  valuable  epitome  of  the 
pieeent  state  of  our  knowledge  of  stratigraphical  geology. 

In  conclusion,  we  will  only  say  that  those  who  would  leeun  the 
true  method  of  working  out  the  great  problems  of  Geology  should 
study  tiiat  most  readable  and  philosophic  work  The  Principles,  and 
those  who  would  learn  what  are  the  data  upon  which  the  story  of 
the  ancient  earth  has  been  founded  should  avail  themselves  of  that 
most  concise  and  clear  summaiy,  the  Student's  Elements. 


nL — ^Thi  Miorogbaphio  Dictionaey  :  a  Guide  to  the  Examina- 
tion AND  Investigation  op  the  Structure  and  Nature  op 
MiCBOsoopio  Objects.  By  J.  W.  Griffith,  M.D.,  etc.,  and 
Abthub  Henpret,  F.B.S.,  etc.  Third  edition,  edited  by  Dr. 
Gbipfith,  assisted  by  the  Rev.  M.  J.  Berkeley,  M.A.,  and 
Professor  T.  Rupert  Jones,  F.G.S.  8vo.  Van  Voorst,  London. 
Parts  I.  to  VL     September,  1871,  to  February,  1872. 
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E  must  draw  the  attention  of  our  readers  to  the  "Miorographic 
Dictionary,"  now  in  course  of  publication,  as  very  useful  to  the 
geologist,  whether  naturalist  or  physicist,  whether  palaeontologically 
or  mineralogically  inclined.  Besides  the  habitual  use  of  the  pocket- 
glass  or  hand-lens,  recourse  must  often  be  had  now-a-days  to  a  good 
microscope,  to  determine  the  structure  of  rocks  and  the  nature  of 
minute  fossils;  and,  for  comparison  with  these,  chemical  products 
and  living  organisms  have  to  be  microscopically  studied  with  equal 
care  and  exactness.  Students  and  workers  have  an  extensive  choice 
of  manuals,  text-books,  and  introductions  to  the  use  of  the  micro- 
scope, and  for  the  recognition  of  microscopic  objects,  in  the  numerous 
books  by  Carpenter,  Quekett,  Griffith,  Hogg,  Lankester,  and  others. 
These  authors  have  classified  the  natural  objects  under  examination, 
and  the  first-named  has  given  a  chapter  on  the  application  of  the 
microscope  to  geological  investigation.  A  very  wide  field,  however, 
is  open  for  histologists  in  "  microgeology,"  or  "  clinology,"  as  the 
study  of  rocks  by  means  of  the  microscope  has  been  termed.  The 
labours  of  Ehrenberg,  richly  illustrated  in  his  "  Mikrogeologie " ; 
the  enthusiastic  work  of  Schafhautl;  the  systematic  researches  of 
Belesse,  Naumann,  Sorby,  David  Forbes,  and  Allport;  the  occasional 
contributions  of  De  Beaumont,  BischofF,  Scheerer,  Brewster,  Phillips, 
Reade,  Biyson,  Dawson,  and  otliers,  at  home  and  abroad,  —all  indicate 
the  path  by  which  the  miorogeologiBt  is  to  advance  towaida  a  Ci\Qswx^\ 
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speculation  wbieb  he  had  felt  bonHd  to  ge  into  more  folly  in  Ids 
former  work.  But  new  discoyeries  had  to  be  notioed,  new  theonei 
oonsidered,  to  bring  the  book  up  to  the  day,  and  it  had  to  be  entirely 
recast. 

Several  important  changee  bearing  npon  the  claBsilication  of  both 
the  older  and  newer  rocks  may  be  noticed ;  sometimes  infvolving  a 
change  in  the  brackets  by  which  we  group  together  the  strata  aooord- 
ing  to  the  evidence  we  have  of  the  continuity  or  disoordanoe  of  ^ 
a>nditions  which  prevailed  at  successive  periods;  and  sometiinei 
arising  from  a  more  detailed  subdivision  of  beds  which  have  been 
better  worked  out     For  instance,  the  discovery  of  a  rioh  fauna  in 
rocks  of  Cambrian  age  in  North  and  South  Wales,  as  well  as  en  the 
Continent,  has  called  for  a  new  nomenclature  in  that  part  of  the  series. 
The  reconsideration  of  the  evidence  for  drawing  the  line  be^reen 
Lower  and  Upper  Silurian  in  the  middle  of  the  Llandovery  roda 
has  led  our  author  to  bracket  Uiose  formations  togetiier,  and  draw 
the  strongest  line  provisionally  at  the  base  of  the  Lower  Llandovery. 
(p.  452.)   "  I  formerly,"  says  Sir  Charles,  "  adopted  the  plan  of  those 
who  class  them  as  Middle  Silurian,  but  they  are  scareely  entitled  to 
this  distinction,  since,  after  about  1400  Silurian  speoies  have  been 
compared,  the  number  peculiar  to  the  group  in  question  only  ^ves 
them  an  importance  equal  to  such  minor  subdivisions  as  the  Iiudlow 
or  Bala  groups.    I  therefore  prefer  to  regard  them  as  the  base  of  the 
Upper  Silurian,  to  which  group  they  are  linked  by  more  than  twice 
as  many  species  as  to  the  Lower  Silurian.     By  this  arrangement  the 
line  of  demarcation  between  the  two  great  divisions,  though  oon- 
fessedly  arbitrary,  is  less  so  than  by  any  other."  (p.  452.)     It  does 
not  matter  so  much  whether  they  are  grouped  together  as  a  Middle 
Silurian  or  as  a  distinct  division  at  the  base  of  the  Upper  Silurian, 
for  our  divisions  are  well  known  to  be  not  of  equal  value ;  but  it  is 
very  important  to  place  these  rocks  together  in  one  group,  instead 
of  making  the  Lower  Llandovery  belong  to  one  great  division  ef  the 
series,  and  the  Upper  Llandovery  to  another. 

After  a  re-examination  in  the  field  of  the  rocks  of  Devon,  our 
auUior  speaks  of  them  still  as  **  the  marine  type  of  the  British  strata 
intennediate  between  the  Carboniferous  and  Silurian."  (p.  431.)  As 
long  as  we  cannot  clearly  correlate  either  newer  or  older  Devonian 
beds  with  rocks  also  known  to  be  "  intermediate  between  the  Car- 
boniferous and  Silurian  "  on  the  other  side  of  the  Bristol  Channel,  we 
may  well  bo  content  to  wait  for  further  evidence  before  we  oome  to 
a  definite  conclusion  as  to  whether  or  not  we  have  in  Devonshire  the 
exnct  equivalent  of  the  great  mass  of  Old  Red  which  succeeds  the 
Tilestones  conformably  in  South  Wales ;  or  whether  we  have  beds 
homotaxially  related  to  the  Lower  Carboniferous  with  its  Lower 
Limestone  shale  in  one  area,  cmd  rough  conglomerate  in  another. 
Possibly  these  beds,  being  more  closely  allied  to  the  Carboniferous 
than  to  the  true  Old  Red,  were  deposited  in  the  Devonian  area  while 
a  wave  of  depression  was  travelling  from  south  to  north,  thus 
making  the  depoedts  of  the  southern  district  of  eariier  date.     At  any 

te,  the  interval  between  the  Silurian  and  Carboniferoiis  is  so 
oimoua  that  we  should  have  plenty  oi  xooin.  ioac  ^Vi^^  ^i»^Kwi^ 
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the  extreme  supposition  that  all  the  so-oalled  Devonian  wtie 
han  nearly  all  the  so-called  Old  Bed. 

I  valuable  new  matter  has  been  introduced  into  the  description 
liower  Oretaceous  rocks,  and  a  more  full  discussion  of  the  age 
Blackdown  Beds  is  given  at  p.  277. 

eed  go  no  further  than  to  notice  how  all  the  newest  evidence 
stained  as  to  the  fossil  flora  of  Miocene  and  other  periods,  and 
ly  new  facts  and  theories  bearing  upon  glacial  phenomena, 
en  weighed,  and  the  results  clearly  stated,  to  show  that  we 

the  "  Student's  Elements"  a  most  valuable  epitome  of  the 
state  of  our  knowledge  of  stratigraphical  geology, 
inclusion,  we  will  only  say  that  those  who  would  learn  the 
)thod  of  working  out  the  great  problems  of  G^logy  should 
lat  most  readable  and  philosophic  work  The  Principles,  and 
ho  would  learn  what  are  the  data  upon  which  the  story  of 
ent  earth  has  been  founded  should  avail  themselves  of  that 
Qcise  and  clear  summary,  Ihe  Student's  Elements. 


ox  MiOBOOBAPHIO  DiOTIOVABT  :  A  GuiDE  TO  THE  ExAMUTA- 
K    AND   InVKSTIOATION   OF   THE    StBUOTUBE   AND    NaTUBB   OF 

CBosoopio  Objects.  By  J.  W.  Gbiffith,  M.D.,  etc.,  and 
THUB  Henfret,  F.B.S.,  etc.  Third  edition,  edited  by  Dr. 
iffith,  assisted  by  the  Bev.  M.  J.  Berkeley,  M.A.,  and 
)fessor  T.  Bupert  Jones,  F.G.S.  8vo.  Van  Voorst,  London, 
rts  I.  to  VI.     September,  1871,  to  February,  1872. 

must  draw  the  attention  of  our  readers  to  the  ''Micrographio 
ictionary,"  now  in  course  of  publication,  as  very  useful  to  the 
(t,  whether  naturalist  or  physicist,  whether  palseontologically 
rEdogically  inclined.     Besides  the  habitual  use  of  the  pocket- 
hand-lens,  recourse  must  often  be  had  now-a-days  to  a  good 
)pe,  to  determine  the  structure  of  rocks  and  the  nature  of 
fossils;  and,  for  comparison  with  these,  chemical  products 
ng  organisms  have  to  be  microscopically  studied  with  equal 
1  exactness.     Students  and  workers  have  an  extensive  choice 
lals,  text-books,  and  introductions  to  the  use  of  the  micro- 
ud  for  the  recognition  of  microscopic  objects,  in  the  numerous 
y  Carpenter,  Quekett,  Griffith,  Hogg,  Lankester,  and  others, 
athors  have  classified  the  natural  objects  under  examination, 
first-named  has  given  a  chapter  on  the  application  of  the 
Dpe  to  geological  investigation.    A  very  wide  field,  however, 
for  histologists  in  "  miorogeology,"  or  "  dinology,"  as  the 
'  rocks  by  means  of  the  microscope  has  been  termed.    The 
of  Ehrenberg,  richly  illustrated  in  his  "  Mikrogeologie  " ; 
lusiastic  work  of  Schafhautl;  the  systematic  researches  of 
Naumann,  Sorby,  David  Forbes,  and  Allport;  the  occasional 
ttions  of  De  Beaumont,  Bischoff,  Scheerer,  Brewster,  Phillips, 
^ryson,  Dawson,  and  others,  at  home  and  abroad,  —^1  indicate 
L  by  which  the  miorogeologiBt  Ib  to  advance  towai^  a  c\<^x^x 
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knowledge  of  strata,  both  altered  and  unaltered,  and  of  igneous 
rocks  of  various  ages,  different  sources,  and  manifold  conditions. 
The  special  organisms,  too,  that  occur  in  clays  and  sandstones,  and 
that  make  up  tripoli,  coal,  and  limestones,  have  to  be  fully  worked 
out,  and  explained  by  the  structure  of  existing  organisms.  Many 
an  interesting  point  is  waiting  for  elucidation — such  as  the  modes 
of  origin  of  flint,  homstone,  and  chert  in  limestones;  the  pert 
played  by  yarious  plants  and  their  several  organs  in  supplying 
matter  for  coals  and  lignites ;  the  nature  and  function  of  Cooooliths, 
so  widely  spread  and  so  long  persistent,  according  to  Huxley  and 
Guembel ;  the  discrimination  of  doubtful  bones,  whether  of  reptile, 
bird,  or  mammal ;  and  many  other  objects — as  Conodonts,  Eozoon, 
Stromatopora,  Graptolites,  and  fossil  Sponges — are  open  to  further 
illustration  under  the  microscope;  and  the  fossiliferous  limestones 
will  supply  material  for  a  life  of  study  to  a  microsoopist,  like  the 
great  Ehrenberg,  equal  to  the  elaboration  of  these  wondrous 
'^  halibioliths,"  or  marine  rocks  of  organic  origin.  He  must  be 
patient  and  acute,  neither  jumping  at  hasty  conclusions,  nor  caught 
by  partial  analogies  and  false  similitudes.  He  must  have  an 
educated  hand  and  eye,  with  the  experience  of  others  at  his  elbow. 
The  Introduction  of  tiie  "  Mierographic  Dictionary "  will  go  far  to 
instruct  him  how  to  observe,  and  the  body  of  the  work  will  prove  a 
fedthful  guide  to  the  expositions  already  made  of  living  and  extinct 
organisms,  of  much  indeed  of  both  animate  and  inanimate  materials 
that  he  is  likely  to  meet  with  in  his  researches. 

One  of  the  most  remarkable  instances  in  which  the  microscope 
has  been  successfully  applied  to  the  elucidation  of  rock-structure  is 
the  study  of  crystals  in  granites  and  lavas,  by  Mr.  H.  C.  Sorby,  F.R.S., 
in  1858;  and  the  concluding  words  of  his  memoir*  on  the  subject 
are  so  apt  and  truthful  that  we  reproduce  them  as  a -wholesome 
stimulus  to  microgeologists : 

"  These  results  are  eh  derived  from  the  study  of  the  microscopical 
structure  of  the  crystals ;  but  my  own  observations  in  the  field  lead 
me  to  conclude  that  they  agree  equally  well  with  the  general  struc- 
ture of  the  mountains  themselves,  and  serve  to  account  for  facts  that 
could  not  have  been  satisfactorily  explained  without  the  aid  of  the 
microscope.  And  here  I  cannot  but  make  a  few  remarks,  in  con- 
clusion, on  the  value  of  that  instrument,  and  of  the  most  accurate 
physics  in  the  study  of  physical  geology.  Although  with  a  first-rate 
microscope,  having  an  achromatic  condenser,  the  structure  of  such 
crystals  cmd  sections  of  rocks  and  minerals  as  I  have  prepared  for 
myself  with  very  great  care  can  be  seen  by  good  daylight  as 
distinctly  as  if  visible  to  the  naked  eye,  still  some  geologists,  only 
accustomed  to  examine  large  masses  in  the  field,  may  perhaps  be 
disposed  to  question  the  value  of  the  facts  I  have  described,  and  to 
think  the  objects  so  minute  as  to  be  quite  beneath  their  notice,  and 
that  all  attempts  at  accurate  calculation  from  such  small  data  are 
quite  inadmissible.  What  other  science,  however,  has  prospered  by 
adopting  such  a  creed  ?    What  physiologist  would  think  of  ignoring 

>  Quart  Joum.  Geol.  Soc,  toL  xiv.^  p.  497. 
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all  the  invaliiable  disooyeries  that  have  been  made  in  his  scienoe 
with  the  mioroBoope,  merely  because  the  objects  are  minute  ?  What 
would  become  of  astronomy,  if  everything  was  stripped  from  it  that 
ooold  not  be  deduced  by  rough  calculation  from  observations  made 
without  telescopes?  With  such  striking  examples  before  us,  shall 
we  physical  geologists  maintain  that  only  rough  and  imperfect 
methodis  of  research  are  applicable  to  our  own  science  ?  Against 
Rich  an  opinion  I  oertainly  must  protest ;  and  I  argue  that  there  is 
DO  necessaiy  connexion  between  me  size  of  an  object  and  the  value 
of  a  fiMst ;  and  that,  though  the  objects  I  have  described  are  minute, 
be  conclusions  to  be  derived  from  the  facts  are  great" 


OsoLooiOAL  SooiisrY  OF  London. — February  21st,  1872. — Prof. 
Bamsay,  F.B.S.,  Vice-President,  in  the  Chair. — The  following  com- 
munication was  read : — *'  Migrations  of  the  Graptolites."  By  H. 
Alleyne  Nicholson,  M.D.,  F.R8.E.,  F.G.S.,  Professor  of  Natural 
History  and  Botany  in  University  College,  Toronto. 

The  author  commenced  by  stating  that  the  occurrence  of  the  same 
species  of  marine  animals  in  deposits  in  distant  arecus  is  now  generally 
regarded  as  evidence  that  such  deposits  are  not  strictly  contempo- 
laneous,  but  rather  that  a  migration  from  one  area  to  another  has 
taken  place;  this  migration  he  thought  would  probably  in  many 
cases  be  accompanied  by  modification.  Applying  these  principles 
to  the  Graptolites,  he  endeavoured  to  show  in  what  directions  their 
migrations  may  have  taken  place. 

He  excluded  from  the  family  GraptolitidsB  the  genera  Dictyonema, 
DendrograpsWf  CaUograpaus,  and  Ptilograpsua,  and  stated  Uiat  the 
fiunily,  as  thus  limited,  extended  from  Upper  Cambriem  to  Upper 
Silurian  times.  The  earliest  known  Graptolites  were  those  of  the 
Skiddaw  Slates,  which  he  thought  would  prove  to  belong  to  the 
Upper  Cambrian  series.  The  Skiddaw  area  he  considered  to  extend 
into  Canada,  where  the  Quebec  group  belongs  to  it  Genera  of 
Graptolites  belonging  to  this  area  are  represented  in  Australia,  and 
Uiis  the  author  regarded  as  indicative  of  migration,  but  in  which 
direction  was  uncertain.  Having  discussed  the  forms  of  Graptolites 
characteristic  of  the  deposits  in  the  Skiddaw-Quebec  area,  the  author 
proceeded  to  indicate  the  mode  in  which  the  family  is  represented 
in  the  areas  of  deposition  of  the  great  Silurian  series,  namely,  the 
Llandeilo  areas  of  Wales  and  Scotland,  the  Coniston  area  of  the 
North  of  England,  the  Gala  area  of  South  Scotland,  the  Hudson- 
Biver  area  of  North  America,  and  the  Saxon  and  Bohemian  areas, 
giving  under  each  of  these  heads  a  list  of  species,  with  indications  of 
their  probable  derivation. 

Discussion. — Mr.  Etheridge  commented  on  the  importance  of  Dr.  Nicholson's 
paper,  and  on  the  difficulties  attending  the  study  of  the  Graptolitidse.  The  migra- 
iicm  of  tiiese  organisms  appeared  to  him  to  be  very  difficult  to  establish,  especially  in 
eoQoexion  with  their  extension  both  eastwards  ana  westwards. 

Mr.  Hughes  belieTsd  iiba$  if  we  coald  discofer  the  origmal  of  «a^  ts^»«fiA»^  ^^ 
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should  we  a  tmall  jariety  tppearing  among  a  number  of  fomi  not  tetj  difTerent 
from  it,  and  from  which  it  had  been  derived ;  but  when  the  yariety  had  prerailed,  lo 
ai  to  be  the  dominant  fonn,  we  were  &r  on  in  the  history  of  the  ipeciee ;  that  it  wai 
a  great  assumption  to  fix  upon  any  bed  we  now  know  as  representing  the  oiifiasl 
source  of  anj  group ;  that  we  know  too  little  about  the  chronologicu  order  of  the 
geolog:ical  dirisions  referred  to  to  reason  with  any  safety  on  the  mimtion  of  Grsp- 
tolites  from  one  area  to  another ;  that  the  term  Lower  Llandeilo,  for  instaoee^  wsi 
very  unsatisfactory  as  used  in  the  paoer ;  there  was  nothing  lower  than  the  TJanAwln 
Flags  at  LlandeUo;  and  where  olacr  beds  occurred  in  Scotlsnd  and  elsewhere, 
it  was  not  at  all  clear  that  the  equivalent  of  the  Llandeilo  Flags  was  nresent  at  sH. 
He  differed  also  altogether  from  the  author  as  to  the  .position  of  the  Dnfton  Shales, 
and  criticized  the  views  of  the  author  as  to  the  range'  of  some  species.  He  thought 
that  M.  Barrande*s  theory  of  the  colonies  was  borne  out  by  the  study  of  the  Grspto- 
lites,  but  that  we  had  not  sufficient  data  to  speculate  as  to  the  areas  in  which  thej 
made  their  first  appearance,  or  the  order  of  their  geographical  distribution. 

Prof.  Duncan  observed  tliat  at  the  present  time  there  was,  among  other  fonnsi 
quite  as  great  a  range  of  species  as  that  of  the  Graptolites  pointed  out  by  the  author. 
Having  looked  through  all  the  drawings  of  Graptolites  that  he  could  meet  with,  he 
had  found  none  whatever  that  were  accurate ;  and  he  had  moreover  never  in  asy 
specimens  discovered  such  cups  or  ealieet  between  the  serrations  as  were  ahraji 
attributed  to  these  organisms.  From  all  he  had  seen  he  was  led  to  the  conelnsioB 
that  the  projections  on  the  Graptolites  bore  the  same  relation  to  the  central  stem  si 
those  of  some  of  the  Actinozoa.  These  latter  also,  like  the  Graptolites,  seemed  to 
prefer  a  muddy  sea.  Professor  Duncan  also  suggested  that  the  Graptolites  wen 
really  the  remains  of  the  filiform  polypiferous  parts  of  floating  Hydrozoa. 

Prof.  Morris  reguded  the  pa]>er  as  mainly  suf^icstive.  It  was  on  all  hands  affreed  thtt 
there  were  in  Britain  two  principal  zones  in  which  graptolitic  life  was  most  abundant; 
and  the  same  held  eood  in  America.  Both  these  seemed  to  be  homotazially  related. 
M.  Barrande  had  long  since  pointed  out  the  probable  emigration  of  many  of  the 
Bohemian  species  from  the  British  area ;  and  thero  could  be  no  doubt  of  there  betng 
many  species  common  to  Europe,  America,  and  Australia.  This  afiforded  stronff 
evidence  in  favour  of  some  such  theory  as  that  of  migration.  He  cautioned 
observers  as  to  taking  careful  notice  of  the  manner  in  which  Graptolites  aro  presented 
in  their  matrix ;  for  when  seen  from  three  different  points  of  view,  they  exhibited 
such  differences  that  three  species  might  be  made  from  one  form  of  organism. 

Mr.  Gwyn  Jeffreys  mentioned  the  wide  distribution  of  marine  Hydrozoa  by  means 
of  winds  and  currents,  as  illustrative  of  the  history  of  Graptolites,  the  disp^sion  of 
which  might  have  arisen  from  similar  causes,  and  not  from  migration. 

Mr.  Prostwich  commented  on  the  uncertainty  of  our  knowledge  with  regard  to 
Graptolites,  and  consequently  regarded  speculation  on  the  subject  or  their  migration  as 
nrematuro.  He  instanced  Cardita  planieostattiy  which  was  formerly  rcffarded  as 
naving  originated  in  the  Paris  basin  and  come  thence  into  England,  but  iniich  had 
since  been  found  in  far  earlier  beds  in  Britain ;  so  that  the  presumed  course  of  its 
migration  has  been  reversed. 

Mr.  Hicks  remarked  that  the  rocks  referred  by  the  author  to  the  Upper  Cambrian 
were  in  reality  the  lowest  of  the  Silurian  series,  and  that  the  GraptolitidB  were 
exclusively  a  Silurian  family. 

Mr.  Hopkinson  also  made  some  remarks  both  on  the  distinction  of  different  species  of 
Graptolites  and  on  their  distribution.  He  re^uded  the  Quebec  area  as  that  in  whidi 
these  forms  had  originated. 

The  Chairman  commented  on  the  great  want  of  accord  among  those  who  had 
studied  GraDtolites,  not  only  with  regard  to  their  structure,  but  to  their  distribution 
in  different  horizons.  He  thought  that  the  suggestion  of  the  author,  as  to  modifica- 
tion of  form  during  migration  bavins:  taken  place,  seemed  to  throw  some  light  on  the 
subject.^  He  could  not  regard  two  districts  now  only  separated  by  the  Sol  way  Firth 
as  constituting  two  geographical  areas  so  distinct  that  the  occurrence  of  the  same 
species  in  both  could  with  propriety  be  held  to  be  duo  to  migration.  The  phenomena  in 
the  other  cases  seemed  to  him  quite  as  much  in  accordance  with  distribution  from  some 
common  centre  as  with  migration  along  any  line  connecting  two  spots  where  Grap- 
tolites are  now  found.  He  thought  that  the  recurrence  of  these  ferms  on  different 
rns  in  Cumberland  was  to  be  accounted  for  by  the  fact  that  most  of  the  rocks  which 
ened  between  the  shales  containing  these  organisms  were  merely  subaerial  vol- 

V  bedt^  on  which,  after  submergence,  t^iese  mudd^  «\kA\fia^\9A\Mi8iL  dsq^tad. 


^  tohtes  a 
l^^oiriions 
^^^terveni 
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GhBOLOOiSTs'  Absooiatiok. — 1st  March,  1872. — ^Professor  Morris, 

F-QA,  Vice-President,  in  the  Chair. — 1,'' On  the  Geology  of  Hampstead 

(Middlcflex)."    By  Caleb  Evans,  Esq.,  F.a.S.— The  author  described 

die  deposits  wkioh  had  been  exposed  from  time  to  time  during  the 

last  few  years  in  and  near  Hampstead.    The  principal  excavationB 

Botioed  were  the  several  drainage  works  near  Child's  Hill,  on 

Hampstead  Heath,  and  in  FrognaU  Lane,  and  the  tunnel  on  the 

Midland  Bailway  under  Haverstock  HilL    It  appeared  from  these 

leotions  that  the  Lower  Bagshot  Sand  which  caps  the  hill  passes 

downwards  into  a  dark  sandy  clay  about  fifty  feet  thick,  abounding 

with  fossils,  especially   Valuta  nodosa  and  Pecitmctdtia  decuasattia. 

The  Pectunevku  bed  passes  down  into  the  London  Clay  of  ordinary 

character,  which  forms  the  lower  part  of  Hampstead  Hill.    The 

author  notioed  the  great  changes  in  physical  geography  which  must 

haire  taken  place  during  the  time  that  intervened  between  the 

depedtion  of  the  Woolwich  Series  and  that  of  the  Lower  Bagshot 

Sand.     He  eonsidered  that  remains  of  the  Glacial  deposits  prol^bly 

enst  on  the  north  side  of  the  hilL    The  position  of  these  deposits 

OS  an  eroded  surfiace  of  the  London  day  showed  the  large  amount 

of  denndatioB  that  had  taken  plaee  prior  to  the  Glacial  epoch.    The 

author,  in  conclusion,  directed  attention  to  the  existing  valleys 

anmnd  and  to  Hie  norHi  of  Hampstead,  which  he  considered  had 

been  formed  by  means  of  the  springs  issuing  from  the  water-bearing 

Eocene  sand  and  the  Glacial  gravels. — Mr.  A.  Bell   thought  the 

leaf-beds  of  the  Middle  Eocene  indicated  freshwater  conditions. — 

Mr.  H.  Woodward  considered  the  presence  of  Xanthopsis  in  these 

beds  evidence  of  marine  or  estuarine  origin.     He  pointed  out  the 

great  value  of  the  maps  and  sections  exhibited  by  Mr.  Evans. — 

Professor  Morris  spoke  of  the  foreign  equivalents  of  the  London 

Eocenes,  during  the  deposition  of  which  great  changes  of  level  took 

place.     Though  there  are  no  traces  of  the  Woolwich  beds  in  the 

Belgian  area,  these  deposits  are  represented  near  Epemay  in  France, 

i^hile  the  London  Clay  forms  a  considerable  area  in  Belgium.    The 

matches  of  London  Clay  on  Salisbury  Plain  indicate  the  extension 

>f  the  Lower  Eoeene  sea  over  that  area,  and  Bracklesham  species 

ire  found  at  Chertsey.    With  respect  to  the  Glacial  deposits,  the 

Professor  eonsidered  their  importance  to  Middlesex  very  considerable, 

md  thought  it  not  improbable  that  the  towns  of  Bamel^  Hendon, 

did  Finchley  owed  their  origin  to  the  presence  of  these  deposits. 

rhe  physical  features  of   the  country  north  of    Hampstead  are 

lifierent  from  those  south  of  that  place,  and  this  difference  is  due 

o  the  Glacial  deposits.    Thou^  the  valleys  of  the  district  have 

)een  formed,  as  we  now  see  them,  by  the  rivers,  their  formation 

x>mmenoed  during  the  rise  of  the  land  from  the  sea. 

2.  *'  On  a  Becently-exposed  Section  at  Battersea."  By  John  A. 
ToomhB,  Esq. — This  was  a  brief  description  of  a  section  exposed 
it  the  works  of  the  London  Qas  Company  now  in  progress  near 
iatiersea.  The  Thames  valley-gravels  are  cut  through,  and  several 
ieet  of  the  London  Clay  are  exposed.  The  gravels,  wlnjdi  %YiQrw 
ouob  £dB0  bedding,  yield  mammalian  remains,  but  \k<b  0||t«imi 
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fluminalis  hsA  not  been  found  Several  species  of  Mollusca  haTO 
been  found  in  the  Clay,  but  the  most  abundant  fossil  is  the 
Pentacrinus  mh-hasaltiformis. — Mr.  Hudleston  noticed  that  the 
gravels  exposed  at  the  Law  Courts  site  in  the  Strand  were 
much  more  ferruginous  than  those  at  Battersea,  and  that  the  Clay 
immediately  underlying  the  gravels  was  altered  in  colour  and 
character  to  a  much  greater  depth  at  the  former  than  at  the  latter 
section. — Mr.  A.  Bell  thought  the  Cyrena  fluminalis  would  never  be 
found  in  these  beds  at  Ba.tter8ea,  as  it  belongs,  he  considered^  to  beds 
of  a  different  age. 


THE  80UBCE  OP  VOLCANIC  PRODUCTS. 

Sib, — In  the  last  number  of  the  Gsolooical  Magazine,  the*  writer 
of  a  notice  on  the  re-issue  of  Mr.  Scrope's  work  oa  Tolcanos  observes, 
that  the  strongest  argument  in  favour  of  a  common  source  for  all  vol- 
canic matters  is  the  one  brought  forward  by  Mr.  David  Forbes, 
"  That  the  volcanic  rocks,  taken  from  any  quarter  of  the  world, 
possess  an  absolute  identity  in  chemical  and  mineralogioal  composi- 
tion." 

Now,  admitting  the  fact  that  basalts,  trachytes,  obsidian^,  etco  are 
essentially  the  same,  from  whatever  part  of  the  world  they  may  be 
collected,  and  that  the  statement  would  be  equally  true  of  the  older 
rocks,  I  am  quite  at  a  loss  to  pevceive  in  what  way  such  facts  are 
more  favourable  to  one  rather  tJian  to  the  other  of  the  twa  prervail- 
ing  views. 

Those  views  are,  either,  that  volcanic  matter  is  now  being  ejected 
from  the  still  fUiid  central  portion  of  the  globe ;  or,  that  the  molten 
matter  exists  in  pockets  or  reservoirs,  at  varying  but  still  moderate 
distances  from  the  outer  surface*  On  the  latter  supposition,  the 
molten  matter  would  be  supplied  by  the  fusion  of  surrounding  and 
underlying  rock-masses,  or  by  the  repeated  falling-in  and  pe-fusion 
of  previously  erupted  materials,  none  being  actually  forced  up  from 
an  imaginary  central  mass  of  fluid. 

Now,  it  will  scarcely  be  denied  that  the  rocks  forming  the  ao- 
oessible  portions  of  the  earth's  surface  are  the  same  all  the  world 
over,  and  have  been  so  from  the  commencement  of  the  Lanrentian 
■orifis  at  least;  how  much  longer  no  one  can  say.  Limestones, 
■wdBtoneB,  shales,  and  other  frc^mental  rocks,  are  everywhere  the 
wne,  and  there  is  no  evidence  to  show,  or  reason  to  suppose,  that 
file  matexialB  forming  the  earth's  crust  at  still  greater  depths  differ 
licom  eabh  other  in  different  parte  of  the  world.  It  should  be  re- 
membered that  the  elements  entering  into  the  composition  ef  rock- 
are  extremely  limited  in  number,  almost  universally  dis- 
tdbntedy  and  oooor  in  the  eruptive  equally  with  the  stratified  series ; 
fkxnner  may  well  have  been  derived  from  the  fusion  of  the  latter, 
undoubtedly,  owe  their  origin  in  many  cases  to  the 
degradation  of  older  igneous  masses. 
«I)pear,  therefore,  Ihait  a  gisnsnl  To^rmity  of  oomposi- 
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iioii  in  Tolcanio  products  would  necessarily  result  from  either  source 
of  supply,  and  that  if  the  central-fluid  theory  is  to  be  maintained, 
it  must  be  for  other  and  less  &nciful  reasons  than  those  hitherto 
adduced.  I  quite  agree  with  die  remark  that  it  has  been  rather 
oifttmed  diat  geologists  believe  in  a  fluid  interior  with  a  solid  crust. 
They  probably  believe  nothing  of  the  kind,  for,  like  other  inquirers 
accustomed  to  sdentiflc  investigations,  they  are  not  disposed  to  adopt 
a  belief,  unless  it  be  grounded  on  well-ascertained  facts ;  and  as 
there  now  exists  but  little  faith  in  mere  opinions  of  great  authorities, 
it  would  appear  that  in  the  present  phase  of  the  question,  the  most 
satisfactory  state  of  mind  would  be  one  of  pure  scepticism. 

S.  Allpobt. 

CORRELATION  OP  THE  SCOTCH  AND  ENGLISH  DRIFTS. 

Sib, — ^As  I  have  probably  devoted  more  time  to  the  examination 
of  the  drifts  of  the  N.W.  of  England  than  any  other  observer,  a 
few  remarks  from  me  seem  to  be  called  for  by  Mr.  James  G«ikie*s 
article  in  your  last  number.  While  very  willing  to  acknowledge  the 
great  value  of  his  contributions  to  Post-tertiary  geology,  I  cannot 
agree  with  him  in  regarding  all  the  drifts  of  the  above  area  as  sub- 
ordinate varieties  of  one  great  formation ;  for  the  more  these  deposits 
are  investigated,  the  more  one  becomes  convinced  of  the  classificatory 
value  of  the  well-defined  and  more  or  less  persistent  sub-divisions 
they  present. 

The  blue  clay  of  the  W.  Biding  of  Yorkshire,  Cumberland,  and 
N.  Wales,  is  not  only  distinct  in  colour,  and  in  the  character  of  most 
of  its  included  stones,  from  the  other  clays,  but  it  must  have  been 
subjected  to  great  denudation,  leaving  a  deeply-undulating  or  hum- 
mocky  surface,  before  the  lower  brown  clay  was  deposited.  The 
ktter  (though  it  embraces  a  considerable  variety)  differs  in  its  general 
colour,  composition,  and  relative  proportion  of  local  and  erratic 
stones,  the  number  of  large  boulders,  etc.,  from  the  upper  clay ;  and 
its  surface  generally  undulates  as  if  it  had  been  extensively  denuded ; 
while  the  surface  of  the  upper  clay  is  in  most  places  a  dead  flat 
The  gravel-and-sand  formation  between  the  two  clays  is  not  a  series 
of  intercalations,  but  as  persistent  a  deposit  as  either  of  the  clays. 
It  has  to  a  great  extent  been  derived  from  local  rocks,  and  the 
number  of  erratic  stones  it  contains  is  much  smaller  than  in  the  clay 
above  or  below.  Its  surface  must  have  been  deeply  denuded  before 
the  upper  clay  was  deposited,  as  Professor  Hull  and  Mr.  De  Hance 
have  shown.  In  the  neighbourhood  of  hills  it  generally  rises  up 
from  beneath  the  upper  clay,  and  forms  a  series  of  knolls  or  ridges. 
There  are  few  sand-and -gravel  knolls  that  are  not  capped  with  de- 
cided Upper  Boulder-clay,*  or  show  indications  of  having  once  been 
more  or  less  covered  with  this  clay.  I  do  not  believe  that  in  the 
area  imder  consideration  there  are  any  sand  or  gravel  knolls  over- 
lying decided  Upper  Boulder-clay,  though  they  may  occasionally 
come  above  a  subordinate  clay  bed  of  the  middle  drift,  or  a  thin  bed 

^  In  the  neighbourhood  of  OswestrY  there  are  striking  instancea  oi  \i\^  wiA 
tbrapt  grarel-and-sand  knolls  capped  with  upper  boulder-clay. 
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fluminalia  has  not  been  found.  Several  species  of  Mollusoa  haTO 
been  found  in  the  Clay,  but  the  most  abundant  fossil  is  the 
Pentacrinus  suh-haaaltiformts, — Mr.  Hudleston  notioed  that  the 
gravels  exposed  at  the  Law  Courts  site  in  the  Strand  were 
much  more  ferruginous  than  those  at  £attersea>  and  that  the  Clay 
immediately  underlying  the  gravels  was  altered  in  ooloiur  and 
character  to  a  much  greater  depth  at  the  former  than  at  the  latter 
section. — Mr.  A.  Bell  thought  the  Oyrena  flumindlis  would  never  he 
found  in  these  beds  at  Battersea,  as  it  belongs,  he  considered^  ta  beds 
of  a  different  age. 


THE  80UECE  OP  VOLCANIC  PRODUCTS. 

Sib, — In  the  last  number  of  the  Gsoloqioal  Magazine,  the*  writer 
of  a  notice  on  the  re-issue  of  Mr.  Scrope's  work  oa  Tolcanos  observes, 
that  the  strongest  argument  in  favour  of  a  common  source  for  all  vol- 
canic matters  is  the  one  brought  forward  by  Mr.  David  Forbes, 
''  That  the  volcanic  rocks,  taken  from  any  quarter  of  the  world, 
possess  an  absolute  identity  in^  chemical  and  mtneralogical  oompoBi- 
tion." 

Now,  admitting  the  fact  that  basalts,  trachytes,  obsidian,  etoy  are 
essentially  the  same,  from  whatever  part  of  the  world  they  may  be 
collected,  and  that  the  statement  would  be  equally  true  of  the  older 
rocks,  I  am  quite  at  a  loss  to  perceive  in  what  way  such  facts  are 
more  favourable  to'  one  rather  than  to  the  other  of  the  twa  prevail- 
ing views. 

Those  views  are,  either,  that  volcanic  matter  is  now  being  ejected 
from  the  still  fluid  central  portion  of  the  globe ;  or,  that  the  molten 
matter  exists  in  pockets  or  reservoirs,  at  varying  but  still  moderate 
distances  from  the  outer  surface*  On  the  latter  suppodtiDn,  the 
molten  matter  would  be  supplied  by  the  f^ion  of  surrounding  and 
underlying  rock-masses,  or  by  the  repeated  falling-in  and  pe-fusion 
of  previously  erupted  materials,  none  being  actually  forced  up  from 
an  imagincu^  central  mass  of  fluid. 

Now,  it  will  scarcely  be  denied  that  the  rocks  forming  the  ao- 
cessiblo  portions  of  the  earth's  surface  are  the  same  all  the  world 
over,  and  have  been  so  from  the  commencement  of  the  Lanrentian 
series  at  least;  how  much  longer  no  one  can  say.  Limestones, 
sandstones,  shales,  and  other  fragmental  rocks,  are  everywhere  the 
same,  cmd  there  is  no  evidence  to  show,  or  reason  to  suppose,  that 
the  materials  forming  the  earth's  crust  at  still  greater  depths  differ 
from  each  other  in  different  parts  of  the  world.  It  should  be  re- 
membered that  the  elements  entering  into  the  composition  ef  rock- 
masses  are  extremely  limited  in  number,  almost  universally  dis- 
tributed, and  occur  in  the  eruptive  equally  with  the  stratified  series ; 
the  former  may  well  have  been  derived  from  the  fusion  of  the  latter, 
just  as  these,  undoubtedly,  owe  their  origin  in:  many  cases  to  the 
abrasion  and  degradation  of  older  igneous  masses. 
It  would  appear,  therefore,  that  a  genexal  Ta^&innity  of  oomposi- 
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tkm  inToIoanio  prodaoiB  would  neoessarily  result  from  either  sotiroe 
of  rapplTy  and  uiat  if  the  central-fluid  theory  is  to  be  maintained, 
it  must  be  for  otiier  and  leM  fimciful  reaaonfi  liian  those  hitherto 
addnoed.  I  quite  agree  with  the  remark  that  it  has  been  rather 
attiMMei  that  geologists  believe  in  a  fluid  interior  with  a  solid  orust 
They  probably  believe  nothing  of  the  kind,  for,  like  other  inquirers 
•ooostomed  to  sdentiflo  investigations,  they  are  not  disposed  to  adopt 
a  belief,  unless  it  be  grounded  on  well-asoertained  facts ;  and  as 
there  now  exists  but  little  &ith  in  mere  opinions  of  great  authorities, 
it  would  appear  that  in  the  present  phase  of  the  question,  the  most 
satisfactory  state  <A  mind  would  be  one  of  pure  scepticism. 

8.  Allpobt. 

COBBELATIOK  OF  THE  SCOTCH  AND  ENGLISH  DEIFT8. 

Sib, — ^As  I  have  probably  devoted  more  time  to  the  examination 
of  the  drifts  of  the  N.W.  of  England  than  any  other  observer,  a 
few  remarks  from  me  seem  to  be  called  for  by  Mr.  James  Gteikie*s 
article  in  your  last  number.  While  very  willing  to  acknowledge  the 
great  value  of  his  contributions  to  Post-tertiary  geology,  I  cannot 
agree  with  him  in  regarding  all  the  drifts  of  the  above  area  as  sub- 
ordinate varieties  of  one  great  formation ;  for  the  more  these  deposits 
are  investigated,  the  more  one  becomes  convinced  of  the  classificatory 
value  of  the  well-defined  and  more  or  less  persistent  sub-divisions 
they  present 

The  blue  clay  of  the  W.  Biding  of  Yorkshire,  Cumberland,  and 
N.  Wales,  is  not  only  distinct  in  colour,  and  in  the  character  of  most 
of  its  induded  stones,  from  the  other  clays,  but  it  must  have  been 
subjected  to  great  denudation,  leaving  a  deeply-undulating  or  hum- 
mocky  surface,  before  the  lower  brown  clay  was  deposited.  The 
latter  (though  it  embraces  a  considerable  variety)  differs  in  its  general 
colour,  composition,  and  relative  proportion  of  local  and  erratic 
stones,  the  number  of  large  boulders,  etc.,  from  the  upper  clay ;  and 
its  surface  generally  undulates  as  if  it  had  been  extensively  denuded; 
while  the  surface  of  the  upper  clay  is  in  most  places  a  dead  flat 
The  gravel-and-sand  formation  between  the  two  clays  is  not  a  series 
of  intercalations,  but  as  persistent  a  deposit  as  either  of  the  clays. 
It  has  to  a  great  extent  been  derived  from  local  rocks,  and  &e 
number  of  erratic  stones  it  contains  is  much  smaller  than  in  the  clay 
above  or  below.  Its  surface  must  have  been  deeply  denuded  before 
the  upper  clay  was  deposited,  as  Professor  Hull  and  Mr.  De  Hance 
have  shown.  In  the  neighbourhood  of  hills  it  generally  rises  up 
from  beneath  the  upper  clay,  and  forms  a  series  of  knolls  or  ridges. 
There  are  few  sand-and-gravel  knolls  that  are  not  capped  with  de- 
cided Upper  Boulder-clay,^  or  show  indications  of  having  once  been 
more  or  less  covered  with  this  clay.  I  do  not  believe  that  in  the 
area  under  consideration  there  are  any  sand  or  gravel  knolls  over- 
ling decided  Upper  Boulder-clay,  though  thoy  may  occasionally 
come  above  a  subordinate  clay  bed  of  the  middle  drift,  or  a  thin  bed 

'  In  the  neighbourhood  of  Oawestij  there  are  striking  inataiiCQa  oi  \^^  v^<^ 
abrupt  gnrel-and-eand  knolls  capi)ed  with  upper  boulder-cLay. 


188  Correspondence — Mr.  S.  AUporL 

flumnalts  has  not  been  found  Several  species  of  Mollnsoa  baie 
been  found  in  the  Clay,  but  the  most  abundant  fossil  is  the 
Pentacrinus  suh-hasaltiformis. — Mr.  Hudleston  noticed  that  the 
gravels  exposed  at  the  Law  Courts  site  in  the  Strand  weie 
much  more  ferruginous  than  those  at  Battersea>  and  that  the  Clay 
immediately  underlying  the  gravels  was  altered  in  colour  and 
character  to  a  much  greater  depth  at  the  former  than  at  the  latter 
section. — Mr.  A.  Bell  thought  the  Oyrena  fluminalia  would  never  be 
found  in  these  beds  at  Battersea,  as  it  belongs,  he  considered^  to  beds 
of  a  difEerent  age.^ 


THE  80UBCE  OP  VOLCANIC  PRODUCTS. 

Sib, — ^In  the  last  number  of  the  Gbolooioal  Magazine,  the* 
of  a  notice  on  the  re-issue  of  Mr.  Scrope's  work  oa  Tolcanos  observe^^ 
that  the  strongest  argument  in  feivour  of  a  common  source  for  all  vol — ' 
canic  matters  is  the  one  brought  forwcurd  by  Mr.  David  Forbes^ 
''  That  the  volcanic  rocks,  taken  fromf  any  quarter  of  the  werld^ 
possess  an  absolute  identity  in  chemical  and  mtneralogical  composi* 
tion." 

Now,  admitting  the  fact  that  basalts,  trachytes,  obsidian,  etc^  are 
essentially  the  same,  from  whatever  part  of  the  world  they  may  be 
collected,  and  that  the  statement  would  be  equally  true  of  the  older 
rocks,  I  am  quite  at  a  loss  to  pevceive  in  what  way  such  facts  are 
more  favourable  to  one  rather  than  to  the  other  of  the  twa  prevail- 
ing views. 

Those  views  are,  either,  that  volcanic  matter  is  now  being  ejected 
from  the  still  fluid  central  portion  of  the  globe ;  or,  tlmt  the  molten 
matter  exists  in  pockets  or  reservoirs,  at  vaiying  but  still  moderate 
distances  from  the  outer  surface.  On  the  latter  supposition,  the 
molten  matter  would  be  supplied  by  the  ftlsion  of  surrounding  and 
underlying  rock-masses,  or  by  the  repeated  falling-in  and  re-fusion 
of  previously  erupted  materials,  none  being  actually  forced  up  firom 
an  imaginary  central  mass  of  fluid. 

Now,  it  will  scarcely  be  denied  that  the  rocks  forming  the  ac- 
cessible portions  of  the  earth  *s  surface  are  the  same  all  the  world 
over,  and  have  been  so  from  the  commencement  of  the  Laurentian 
series  at  least;  how  much  longer  no  one  can  say.  Limestones, 
sandstones,  shales,  and  other  fragmental  rocks,  are  evetywhere  the 
same,  and  there  is  no  evidence  to  show,  or  reason  to  suppose,  that 
the  materials  forming  the  earth's  crust  at  still  greater  depths  differ 
from  each  other  in  dififerent  parts  of  the  world.  It  should  be  re- 
membered that  the  elements  entering  into  the  composition  ef  rock- 
masses  are  extremely  limited  in  number,  almost  universally  dis- 
tributed, and  occur  in  the  eruptive  equally  with  the  stratified  series ; 
the  former  may  well  have  been  derived  from  the  fusion  of  the  latter, 
just  as  these,  undoubtedly,  owe  their  origin  in  many  cases  to  the 
abrasion  and  degradation  of  older  igneous  masses. 

It  would  appear,  therefore,  that  a  general  uniformity  of  composi- 
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tioD  in  Yoloanio  prodnots  would  neoessarily  result  from  either  Booroe 
of  nipply,  and  tiiat  if  the  central-fluid  theory  is  to  be  maintained, 
it  must  be  for  other  and  less  &nciful  reasons  Ihan  those  hitherto 
adduced.  I  quite  agree  with  the  remark  that  it  has  been  rather 
(ununed  that  geologists  believe  in  a  fluid  interior  with  a  solid  crust. 
Ihej  probably  believe  nothing  of  the  kind,  for,  like  other  inquirers 
•ooQstomed  to  scientific  investigations,  they  are  not  disposed  to  adopt 
a  belief,  unless  it  be  grounded  on  well-ascertained  facts ;  and  as 
tbere  now  exists  but  little  &ith  in  mere  opinions  of  great  authorities, 
it  would  appear  that  in  the  present  phase  of  the  question,  the  most 
BatisflEustory  state  of  mind  would  be  one  of  pure  scepticism. 

S.  Allpobt. 

CORRELATION  OP  THE  SCOTCH  AND  ENGLISH  DRIFTS. 

Sib, — ^As  I  have  probably  devoted  more  time  to  the  examination 
of  the  drifts  of  the  N.W.  of  England  than  any  other  observer,  a 
tew  remarks  from  me  seem  to  be  called  for  by  Mr.  James  G«ikie*s 
%rtiole  in  your  last  number.  While  very  willing  to  acknowledge  the 
great  value  of  his  contributions  to  Post-tertiary  geology,  I  cannot 
agree  with  him  in  regarding  all  the  drifts  of  the  above  area  as  sub- 
ordinate varieties  of  one  great  formation ;  for  the  more  these  deposits 
are  investigated,  the  more  one  becomes  convinced  of  the  dassificatory 
value  of  the  weU^deflned  and  more  or  less  persistent  sub-divisions 
th^  present 

The  blue  clay  of  the  W.  Biding  of  Yorkshire,  Cumberland,  and 
K.  Wales,  is  not  only  distinct  in  colour,  and  in  the  character  of  most 
of  its  included  stones,  from  the  other  clays,  but  it  must  have  been 
subjected  to  great  denudation,  leaving  a  deeply-undulating  or  hum- 
mocky  surface,  before  the  lower  brown  clay  was  deposited.  The 
latter  (though  it  embraces  a  considerable  variety)  differs  in  its  general 
colour,  composition,  and  relative  proportion  of  local  and  erratic 
stones,  the  number  of  large  boulders,  etc.,  from  the  upper  clay ;  and 
its  surface  generally  undulates  as  if  it  had  been  extensively  denuded; 
while  the  surface  of  the  upper  clay  is  in  most  places  a  dead  fiat. 
The  gravel-and-sand  formation  between  the  two  clays  is  not  a  series 
of  intercalations,  but  as  persistent  a  deposit  as  either  of  the  clays. 
It  has  to  a  great  extent  been  derived  from  local  rocks,  and  the 
number  of  erratic  stones  it  contains  is  much  smaller  than  in  the  clay 
above  or  below.  Its  surface  must  have  been  deeply  denuded  before 
the  upper  clay  was  deposited,  as  Professor  Hull  and  Mr.  De  Banco 
have  ^own.  In  the  neighbourhood  of  hills  it  generally  rises  up 
from  beneath  the  upper  clay,  and  forms  a  series  of  knolls  or  ridges. 
There  are  few  sand-and-gravel  knolls  that  are  not  capped  with  de- 
cided Upper  Boulder-day,^  or  show  indications  of  having  once  been 
more  or  less  covered  with  this  clay.  I  do  not  believe  that  in  the 
area  under  consideration  there  are  any  sand  or  gravel  knolls  over- 
lying decided  Upper  Boulder-clay,  though  they  may  occasionally 
oome  above  a  subordinate  clay  bed  of  the  middle  drift,  or  a  thin  bed 

^  In  the  neighbourhood  of  Oswestrj  there  are  striking  instanooa  ol  \n.^  v^\ 
abrapt  gTBTeUand-aand  knolls  capped  with  upper  boulder-clay. 
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of  local  Lower  Boulder-day.  The  more  the  sabject  is  mvestigated, 
the  more  one  becomes  convinced  that  the  Upper  Boulder-day  is  the 
newest  glacial  or  interglacial  deposit  in  the  N.W.  of  England. 

The  fihdl-bearing  gravd-and-sand  around  Macdesfield,  wfaioh  ac- 
cording to  Mr.  Sainter  (Gsol.  Mag.,  YoL  IT.,  pp.  866,  S68)  ranges 
from  600  to  1200  feet  above  the  sea-leyel,  is  I  bdieve  an  xxpwm 
extension  of  the  middle  drift  of  the  plain  of  Cheshire.  The  deposit 
on  Moel-y-Tryfan  is  not  so  finely  stratified,  and  the  stones  are  not  so 
much  rounded  as  in  the  gravd  at  lower  levels ;  but  it  agrees  ^th 
the  gravel-and-sand  of  Anglesey  in  the  laige  boulders  being  fomi 
at  its  base  (though  a  few  are  scattered  through  its  mass),  and  with 
the  Cheshire  and  Lancashire  middle  drift  in  the  character  of  many 
of  its  erratics,  including  Eskdale  and  Criffell  granite,  chalk-flints, 
etc.  Mr.  Darbishire  says  it  is  capped  with  day  (Oxol.  Maq.,  YoL 
XL,  p.  296) ;  though  this  1  missed  seeing. 

The  following  is  the  sequence  of  the  drift  depositB  of  the  N.W.  of 
England  and  a  part  of  Wales  (order  descending) : — 
Bed  clay,  with  grey  or  blue  partines ;  rather  few  stones  and  exceedingly  few  laige 
Donlden ;  more  or  less  marly  in  its  lower  part  -,  eztensiyely  nMd  for  bri^ 
Maximum  thickness  unknown. 
Grayel  and  sand,  with  sabordinate  beds  of  clay  and  loam.    Hazimiim  thiekness  ift 
Gnmberland  120  feet;  at  Greaford,  near  Wrexham,  150  feet;  at  Koaal  MoaCt 
Lancashire,  200  feet  (Hull).^ 
Madder-brown  clay,  with  subordinate  beds  of  laminated  loam,  seams,  pockeia,  and 
lenticulations  of  sand;  numerous  stones,  and  at  interrals  many  large  boulders; 
Tertical  or  oblique  fractures ;  often  rudely  stratified ;  graduating  into  a  still 
harder,  more  entu,  and  stony  clay,  with  a  tendency  to  arched  stratification,  in 
the  neighbourhood,  of  the  hills  (Pinel) ;  in  general  not  well  adapted  for  biicki. 
Maximum  thickness  at  Lindal,  Fumess,  120  feet. 
Blue  or  greyish-blue*  clay,  with  many  stones  and  at  interrals  many  bonlden.    Maxi- 
mum thickness  at  Colwyn,  N.  Wales,  not  less  than  60  feet. 

The  above  drifts  have  been  found  to  be  shell-bearing  with  the  ex- 
ception of  the  blue  clay  and  the  pineL  The  best  sections  may  be 
seen  on  the  sea-coast  D.  Mackintosh. 


MB.  W.  S.  MITCHELL  ON  THE  "  DENUDATION  OP  THE  BATH 

OOLITE." 

Sib, — I  believe  Mr.  Mitchell  is  of  opinion  that  the  hills  of  Bath 
Oolite  were  simply  old  coral-reefs,  and  did  not  owe  their  form  to 
denudation.  (See  Quart.  Joum.  Geol.  Soc.,  1871,  vol.  xxvii.,  p.  228.) 

I  was  staying  near  Bath  in  the  Spring  of  1869,  and  discovered, 
in  a  shallow  excavation  on  the  left  of  the  road  on  Kingsdown, 
beyond  Bathford,  some  beautiful  specimens  of  Oolitic  Corals — ^the 
finest  which  have  been  obtained  from  the  neighbourhood  of  Bath — 
the  best  of  which  1  gave  to  Mr.  Charles  Moore,  for  the  Bath  Museum. 
They  consisted  of  several  genera  and  species,  and  oocurred  at  one 
portion  of  the  excavation ;  the  space  which  they  occupied  being  a 
few  yards  across,  and  appearing  to  be  a  section  of  a  small  ooral 
reef,  bounded  on  each  side  by  the  usual  limestone.  It  is  possible 
this  bed  increases  in  width,  vertically. 

Corals  appear  to  be  of  rare  general  occurrence  in  the  Bath  hills ; 

^  In  the  Vale  of  York  this  formation  is  associated  with  deposits  of  finely  laminated 
da/  of  yarious  coloun. 
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and  the  ooral-reefs,  I  should  think,  were  merely  looal,  and  of  limited 
extent^  and  do  not  constitute  their  mass,  which  consists,  probably, 
merely  of  the  contents  of  an  Oolitic  sea. 

Hmhbubt,  Bbxstol,  Mareh  8,  1872.  Sp.  Geobob  PhbOBVAL. 


QALEB  BUBRELL  ROSE,  Esq.,  F.G.S.,  F.  R.  Med.  and  Chimr.  Soc  Lond.^ 

Wb  regret  to  have  to  record  the  loss  of  C.  B.  Bose,  Esq.,  M.B.O.S., 
F.O.S.,  of  Great  Yarmouth,  Norfolk.  Mr.  Bose  was  bom  at  Eye,  in 
Suffolk,  10th  February,  1790,  and  spent  the  greater  part  of  his  life 
in  the  active  duties  of  his  profession,  as  a  medical  man,  at  Swa£fham, 
in  Norfolk.  His  leisure  hours  were,  however,  devoted  from  an  early 
period  to  the  study  of  geology. 

He  was  a  contemporary  of,  and  fellow-labourer  with,  the  late 
Mr.  Samuel  Woodward,  Author  of  an  "  Outline  of  the  Geology  of 
Norfolk,"  published  in  1833,  etc.,  etc.  Mr.  Bose  published  a  "  Sketch 
of  the  Geology  of  West  Norfolk  "  in  the  "  London  and  Edinburgh 
Philoflophical  Magazine  and  Journal  of  Science,"  1835,  vol.  vii. 
pp.  171,  274,  370,  and  1836,  vol.  viii.  p.  28  (published  also  in  a 
separate  form,  S  waff  ham,  1836) ;  a  treatise  ''On  the  Cretaceous 
Qronp  in  Norfolk,"  (Geologists'  Association,  November  8th,  1862)  ; 
besides  papers  published  in  the  Quart.  Joum.  Geol.  Soc  1846, 
voL  ii.  p.  32;  the  British  Association  Beports,  Belfast,  1862; 
Cambridge,  1862 ;  Norwich,  1868 ;  the  Transactioils  of  the  Micro- 
scopical Society ;  the  Geological  Magazine,  1864,  Vol.  L,  p.  92, 
"  On  Cycloid  Fish-scales  in  the  OoHtic  Formation ;  "  1866,  Vol.  II., 
p.  8,  "  On  the  Brick-earth  of  the  Nar ;  "  1867,  Vol.  IV.,  p.  29,  "  On 
the  Cretaceous  Groups  of  Norfolk  and  Kent." 

Mr.  Bose  showed  the  true  position  of  the  Bed  Chalk  of  Hunstan- 
ton, and  that  the  "  Carstone  "  should  be  referred  to  the  Cretaceous 
and  not  to  the  Oolitic  series.  The  curious  deposit  known  as  the 
"Nar  Valley  Clay,"  or  "  Brick-earth,"  was  explored  by  Mr.  Bose, 
who  collected  a  large  series  of  the  shells  found  in  it,  which  proved 
it  to  be  one  of  the  latest  marine  deposits  in.  Norfolk,  later  than  the 
Crag  or  even  the  Boulder-clay  series. 

After  retiring  from  practice,  he  resided  at  Yarmouth,  where  he 
drew  the  attention  of  Mr.  Prestwich  to  the  remarkable  well-section 
at  Sir  E.  K.  Lacon's  Brewery,  in  which  the  London  clay  and  Wool- 
wich and  Beading  series  were  passed  through.  (See  Quart.  Joum. 
QeoL  Soc.,  Nov.  1860.) 

Mr.  Bose  also  discovered  the  interesting  fossiliferous  bed  at 
Aldeby,  which  has  yielded  so  large  a  collection  of  fine  Crag-shells. 

B[e  was  most  active  in  promoting  the  successful  reception  of  the 
British  Association  at  Norwich,  in  1869 ;  and  it  is  to  be  feared  he 
never  recovered  from  the  exertions  he  made  at  that  time. 

He  was  elected  a  Fellow  of  the  Geological  Society  of  London  in 
1839,  and  died  at  Yarmouth,  on  29th  January,  1872,  in  his  82nd  year. 

Previous  to  his  decease,  Mr.  Bose  gave  his  collection  to  \k<^  ^oit- 
folk  a^d  Norwioib  Museum. 

'  Far  Bom»  of  these particulan  we  are  indebted  to  J,  Pieatwidh.  Emi,.  'E.lL^.^ 
r.F.  OeoL  8oc.,  and  to  T.  G.  Bay£eld,  Esq.,  of  Norwich. 
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HENRI-S^BASTIEN   L£    HON. 

We  alflo  regret  to  record  the  loss  of  Monsieur  le  Chevalier  Le  ] 
of  Brussels,  who  died  at  San^Bemo,  Italy,  on  the  3l8t  January  ' 
M.  Le  Hon  was  Major  pensionnS  6uid  formerly  Professor  of 
Military  School  in  Brussels,  and  a  Chevalier  of  the  Order  of  Leo; 
and  was  decorated  with  the  Iron  Cross.  He  was  a  member  of 
Geological  Society  of  France;  a  Corresponding  Member  of 
Impenal  Institute  of  G^logy  of  Vienna ;  of  the  Italian  Societ 
Natural  Sciences  of  Milan,  eto.,  etc. 

His  chief  published  work,  which  is  of  oonsiderable  meri 
entitled :  ^'L'  homme  Fossile  en  Europe/'  Brussels,  1867,  of  w 
two  editions  have  appeared. 

FRAJ^93IS.JTJLES  PICTET— DE  LA  RIVE. 

GsoiiOOioix  SoisNOE  has  sustained  a  heavy  loss  in  the  deat 
Monsieur  Franqois-Jules  Pictet,  who  died  at  (Geneva,  on  the  ! 
March  last,  in  his  6drd  year. 

M.  Pictet  was  Professor  of  (Jeology  and  Pale&ontology  in 
Academy  of  Geneva,  and  also  a  National  Councillor. 

He  was  elected  a  Foreign  Correspondent  of  the  Geological  So( 

of  London  in  1863. 

HIb  published  memoirs  exceed  forty  in  number.  He  was  one  of  the  editors  o 
''Archiyes  des  Sciences  physiques  et  naturelles,"  published  at  Gendra,  1846,  e 

His  greatest  works  are  the  allowing : — 
L  '*  Traits  £16mentaire  de  Pal^ntologie,  ou  Bisi  Nat.  des  Animauz  Fossilo 
four  Tolfl.  8vo.,  1844—46,  pp.  1766,  and  73  plates. 
Second  Edition : — Text  in  four  vols.  8vo.,  1853 — 57.     Atlas  4to.,  wit 
pages  and  110  plates. 
II.    Materiaux  pour  la  Pal6ontologie  Suisse,  ou  recueil  de  monogn^hies  s 
fossilcs  dn  Jura  et  des  Alpes. 
liT  SSRIE8 :  11  parts.  Genera,  18M— 58.    4to.,  pp.  184,  plates  23. 
Shd  Ssaixfl :  (by  MM.  Pictet  ft  Campicbe)  1868--60.    4to. 

Ut  Part,  pp.  880,  2  map**  And  43  plates.    (With  a  ieparate  Folio  Atku,  o«it 

7  lar^  pUteA  of  Fossil  Fishes,) 
2nd  Part  (by  MM.  Pictet  and  Loriol},  pp.  54,  2  maps,  and  11  plates. 
SjU)  Sbkibs:  (by  MM.  Pictet  &  CampicDe)  1861—64.    4to.  pp.   752,  55  plates.    CV 
Supplement  on  the  Reptiles  and  Fishes  of  the  Jura  of  Neofchatel,  par  MM. 
et  A.  Jaccard,  1860.    4to.  pp.  88,  plates  10.) 
4th  SsaiEs:  (par  MM.  Pictet  et  Campiche)  1864-67,  4to.  pp.  558,  plates  41.    (VI 

Supplement  by  MM.  Pictet  and  Lohol:  1868,  4to.  pp.  110,  and  9  plates.) 
5rB  Sebiks  :  (par  MM.  Pictet  et  Campiche)  1868-71,  4to.  pp.  352,  plates  55. 


Geological  Subvey  of  the  Uihted  Kingdom. — Since  the  c 
of  Sir  Koderick  I.  Murchison,  Bart,  which  took  place  on  the  22i 
October,  1871,  the  post  of  Director-General  of  the  G^olo 
Survey  of  the  United  Kingdom  has  remained  vacant. 

Early  in  March  Professor  Andrew  C.  Kamsay,  LL.D.,  F.! 
V.P.  Geol.  Soc,  Director  of  the  Geological  Survey  for  Eng 
and  Wales,  received  the  appointment  of  Director-General  foi 
United  Kingdom  ;  and  shortly  afterwards  Henry  W.  Bristow,  ] 
F.E.S.,  F.G.S.,  Senior  District  Surveyor,  was  promoted  to  the 
of  Local  Director.  The  appointment  of  Director  of  the  Royal  Sc 
of  Mines,  formerly  held  by  the  Director- Gen.  of  the  Geol,  Surve; 
we  understand,  to  remain  for  tlie  present  in  abeyance,  pending 
consideration  of  the  Government  to  remove  that  Institution 
Jermyn-streot  to  South  Kensington.  The  promotion  of  Prof.  Bai 
and  Mr.  H,  W,  Bristow  has  given  t\ie  grea\;^«\.  «8Ai«fejc!doti  to  al 
memberB  of  the  staff  and  to  the  Oeolog^oal  ^ot\^  ^\.\ax^. 
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I. — Oh  son  Coniferous  Bemains  feom  the  .  Lithoobafhio  Stone 

OF   SOLENHOFEN. 
Bj  W.  T.  Thihbltom  Dtbb,  B.A,  B.Sc,  F.L.S. 

(Plate  V.) 

(Gmtinued  Jrom  pa^e  153.) 
n.  Pinites  Solenhofenenns,  Dyer. 

In  the  Haberlein  colleotion  there  is  a  slab  oontaining  the  remains  of 
a  branch,  of  which  portions  are  figured  in  PI.  Y.,  Fig.  1.  It  belonged, 
tliere  is  little  reason  to  doubt,  to  a  species  of  Pinus,  in  which,  as  in 
flie  section  Larix,  the  leaves  were  borne  in  fascicles  on  abortive 
liieral  branches.^  Traces  of  these  leaves  appear  to  exist  at  a  and  h. 
TIm  specimen  affords,  unfortunately,  no  more  information  than  this ; 
F^^Aing  of  the  kind,  however,  appefiirs  to  have  been  recorded  from 
Solenhofen,  and  it  has  therefore  appeared  desirable  to  call  attention 
to  ifa  existence. 

in.  Athrotcuntes,*  Unger. 

A  large  proportion  of   the  Solenhofen  plant-remains  belong  to 

types  which  were  originally  described  and  figured  by  Sternberg  as 

Ajggs.    Their  general  facies,  however,  I  think  supports  their  claim  to 

be  oonsidered  Coniferous,  and  this  has  been  sufficiently  established 

by  the  fruiting  specimen   figured  by  Unger  in  the   ''Botanische 

SSeitnng"  for  1849  (t.  v.   f.  I.),  under  the  name  of  Athrotaxites 

hfcopodiaides,   Schimper  has  given,  in  his  ''Traite  de  la  Paleontologie 

Vegetale,"  what  is  evidently  a  figure  of  the  same  specimen  (t  75, 

1 21),  although  the  appearance  of  the  cones  is  somewhat  differently 

interpreted.     He  has,  in  fact,  founded  upon  the  view  which  he  has 

taken  of  their  structure  the  genus  Echinostrohus  (1.  c,  vol.  ii.,  p.  331). 

I  have  not  had  the  opportimity  of  seeing  the  original  specimen,  but 

&  careful  comparison  of  the  two  figures  quoted  above  seems  to  me 

*  The  not  Tery  intelligible  Sehizolepis  Braunii,  Schcnk  (see  Schimper,  Pal.  V^g., 
^  ii.,  p.  248)  had  similarly  arranged  foliiige. 

J^  The  name  of  the  genus  fotmded  by  Don  was  not  Arthrotaxis^  but  Athrotaxii, 
^  ttpretsly  explains  that  the  name  alludes  *'  to  the  crowded  disposition  of  the  leavef 
^  lodes  of  the  female  spike,'*  and  that  it  is  compounded  of  &$fN^s  ooii/crtut, 
(TiiDi.  linn.  Soc.,  vol.  mn.,p.  174.) 
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to  point  to  the  cones  having  oonsisted  of  snb-peltifbrm  imbrioiia& 
Bcafes  swollen  below,  with  a  flat  acute  apex  above,  and  not»  y 
Schimper  supposes,  a  spiniform  appendix  from  their  back.  Now  to 
is  exactly  the  structure  which  is  possessed  by  Athrotaxis  eupreuMtti 
Don,*  and  it  appears  to  me,  therefore,  that  we  are  quite  justified  in  re- 
taining Unger*s  original  determination.  Athrotaasites  lyeapodiaidei  ib 
the  only  one  of  the  several  species,  possibly  oongenerio,  from 
the  Solenhofen  Oolite  of  which  the  fructification  is  known;  bat 
it  seems  for  the  present  the  most  convenient  provisional  oonne 
to  retain  them  all  as  species  of  Athrotaxites.  Their  general  &cieB  is 
sufficiently  congruous,  although  it  must  be  admitted  that  this  is  a 
negative  qualification,  since  their  foliage  would  equaUy  well  suit 
some  Cupressineous  genera. 

After  an  examination  of  the  large  series  of  specimens  in  the 
Haberlein  collection,  I  venture  to  propose  the  following  levirion  of 
the  species.' 

1.  J,  prtncepst  Ung.,  Pal.  ii.,  p.  253,  tt.  31,  32. 
Echinottrohw  Stembergii,  Schimp.,  Tr.  d.  Pal.  Y^.  iL,  p.  888,  t.  76  ff.  2S,  23. 
Cau/erpites  prmcepa^  Sternb.,  Fl.  dL  Yorw.  ii.,  t.  5,  f.  2. 
C.  laxuMy  Sternb.,  l.c.,  t.  5,  f.  1. 
C.  sirCuiariaf  Sternb.,  l.c.,  t.  6,  f.  2. 

This  U  probably  the  commonest  form ;  it  is  well  characterised  by  the  pinniti 
arrangement  of  the  lateral  branchlets,  and  the  abbreTiated  and  orowdad  utiBite 
ramification  (PL  V.,  Fig.  2). 

2.  A,  Frischmanni,  Ung.,  Pal.  iv.,  p.  41,  t  8,  ff.  4,  5,  9. 

Echinottrobus  FHsehmannif  Schimp.,  I.C.,  p.  333. 
CauUrpiUt  eolubrinus,  Sternb.,  l.c,  t.  4,  f.  4. 
C.  eleganSj  Sternb.,  I.e.,  t.  3,  f.  8. 

In  the  arrangement  of  the  leaves,  this  sjiecies  is  probably  hardly  diSSerent 
from  A.  princeps.  The  less  crowded  ramification  and  more  elongated  branehlfiti 
produce,  however,  a  marked  distinction  in  habit  (PL  Y.,  Fig.  3).  NeverthelMBi 
a  still  more  decided  difference  of  precisely  the  same  kind  ezistB  betweea  Biota 
orientalis  and  what  is  held  to  be  a  seminal  variety  of  it,  B.  p^mdulm.  It 
cannot  indeed  be  too  strongly  remembered,  in  dealing  with  fossil  plant-remains, 
that  there  is  no  definite  correlation  between  the  character  of  a  plMuf  §  foliage 
and  the  structure  of  its  fruit  and  flowers.  The  educated  eye  of  a  botaniat  wul 
often  from  mere  tact  derive  assistance  from  the  fades  of  vegetative  organa,  but 
he  knows,  nevertheless,  that  the  closest  resemblance  in  the  charactera  of  leaf 
and  stem  may  conceal  widely  different  afiinities.  On  the  other  hand,  where  the 
structural  affinities  of  the  reproductive  or^ns  are  clear,  he  has  no  heaitatioii  in 
disregarding  the  most  marked  distinctions  in  mere  habit  or  foliar  form. 

3.  A.  lycopodioidea,  Ung.,  £ot.  Zeit.,  1849,  p.  345,  t  v.,  ff.  1,  2. 

(PI.  v.,  Fig.  4). 

A.  BoliMtiehuSf  Ung.,  Pal.  iv.,  p.  40,  t.  8,  ff.  1,  2,  3. 

Balioitichui  orriatM^  Sternb.,  I  c,  t.  26,  f.  3. 

Echinoitrobtu  Sternbtrffii,^  Schimp.,  I.e.,  Explication  des  Planches,  p.  27,  t.  76, 

ff.  21,  24. 
£.  lyeopodioidtt,  Schimp.,  Lc,  ii.,  p.  333. 

This  is  characterized  by  the  minute  imbricated  leaves  in  numerous  rowa.  In 
Baliostichus  these  appear  to  be  merely  represented  by  the  marks  of  their  attach- 
ment to  the  stem.    A  peculiarity  in  this  spedea  is  a  tendency  to  fo^ed 

1  See  Hooker's  Icone<<  Plantarum,  t.  569. 

>  After  removing  the  Solenhofen  plants  from  the  genus  EchinastrobuOf  the  only  re- 
maining species  are  £.  robustuij  Sup.,  and  £.  expamtu  {Thw'tet  espantu*,  Sternb.).  Of 
the  last  Schimper  appears  not  to  have  seen  cones ;  had  he  done  so,  he  could  not,  I 
think,  have  retained  it  in  its  pi  esent  position. 

'  £.  fyeopodioidea  was  the  name  no  doubt  intended  to  be  used  here.  Th«  « 
gpedmen  could  hardly  be  referred  to  twodistmctnBm«am\^«iiii%«i!L^^ 
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hmdiing.  Don,  in  his  original  description  of  the  genns  Athrotaxit  (l.c.,  p.  174), 
fMMi^ed  that  the  recent  species  frequently  present  ''a  dichotomous  appearance, 
vhieh  arises  from  tiie  non-deTelopment  of  one  of  the  lateral  branches,  the 
loniial  arrangement  being  a  ^rimair  axis  with  two  opposite  lateral  branches." 
If  this  iriew  la  accepted,  it  is  immediately  applicable  to  Figs.  3  and  4  of  PI.  Y. 
1  A»  langirameus,  Dyer. 
(kmlerpUsB  lon^rameus,  Stemb.,  l.c.,  p.  103,  t.  29,  f.  3. 

I  attach  this  name  to  specimens  in  which  the  stems  are  stonter  than  in  the 
other  species,  and  at  the  same  time  elongated,  and  Tory  sparingly  branched ;  the 
nrtieal  series  of  leares  are  also  more  numerous  (PI.  v.,  Fig.  o). 
ff.  A*  f  laacuSf  Dyer. 
OmltrpiUi  Uunu^  Stemb.  L  c.  p.  22,  t.  6,  £  1. 
C,  oereatuM,  Stemb.  1.  c.  p.  103,  t.  29,  f.  2. 

I  am  strongly  impressed  with  the  belief  that  the  two  names  just  cited  belong 
to  the  same  plant,  the  one  bein^  founded  on  the  lower,  the  other  on  the  upper 
portion  of  a  branch.  The  affimties  of  the  species  are,  howeyer,  to  the  last 
degree  doubtful;  it  appears  to  have  had  scue-like  leayes,  Anally  becoming 
dirtant  and  indurated  (PX  v..  Fig.  6). 

C.  oereatusj  Stemb.,  it  lias  be^  suggested  to  me,  may  be  correlated  with  the 
hranchlet  figured  by  Mr.  Carrathers  from  the  Oxfora  Clay  of  Chippenham, 
Wiltshire  (Gbol.  Mao.,  Vol.  VI.,  PL  II.,  Fig.  11).  That,  however, 
appMTB  to  exhibit  a  two-fifths  phyllotaxis,  and  may  therefore  belong  to  an 
Angioaperm. 

rV.  Condyliies,  Dyer,  gen,  nov.,  PI.  V.,  Fig.  7. 

In  the  Haberlein  collection  there  is  a  specimen  (PI.  Y.,  Fig.  7) 
i^parently  unique,  which,  though  offering  far  from  satisfactory 
material  for  description,  appears  to  me  too  important  to  be  allowed 
to  remain  unnoticed.  Its  general  facies  leaves  little  doubt  in  my 
sund  that  it  is  truly  Coniferous,  but  I  am  unable  to  assign  it  a  place 
in  any  known  genus.  I  propose,  therefore,  to  establish  it  as  a  new 
generic  type,  under  the  name  Condylites,  which  I  have  had  suggested 
to  me  as  indicating  the  singular  elbow-like  insertion  of  the  branches. 

According  to  my  interpretation  the  leaves  wore  scale-like  and 
doeely  imbricate.  It  seems  by  no  means  improbable  that  the  re- 
mains of  foliage  referred  above  to  Aihrotaxitea  tongiramem  may 
bekmg  to  this  plant;  they  have  at  any  rate  considerable  resemblance. 

The  cones,  although  apparently  lateral,  were  really  terminal,  the 
(xmtinnation  of  the  stem  being  a  lateral  branch.  The  scales  were, 
as  far  as  I  can  judge,  imbricate  (PL  V.,  Fig.  7a),  and  not  "  valvate," 
as  in  such  genera  as  Callitris.  On  the  whole,  I  conclude  its  place  to 
be  amongst  Cupressineaj  and  its  nearest  affinities  with  Thw^a.  In 
that  genus,  however,  the  female  cones  are  terminal  on  lateral 
branches,  and  the  scales  of  the  cone  are  decussately  opposite;  I 
doubt  if  this  was  the  case  in  Condylites.  In  default  of  a  more 
complete  analysis  of  the  cone  structure,  the  following  must  serve  as 
a  diagnosis  of  the  genus. 

CbmdyliUs,  I)yer,  ^n.  noT.,  Ramuli  lignescentes  foliis  minutis  persistentibus  squa- 
■atim  tecti.  otrobili  terrainales,  quasi  in  cymam  uniparam  attematim  dispositi, 
snbglobosi  depressi;  squamsB  admodum  panes,  imbricatss,  rotundata,  coriaoeffi  (an 
Bob&gnose). 

C.  tfumuUutf  Dyer,  species  nnica. 

o  o  o  o 

Adopting  Parlatore's  division  of  the  Conifera  into  the  two  tdb^ 
AbieUnea  and  Taxinea,  we  £nd  that  all  the  species  {xom  ^\dTS[iol<^Ti 
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:  ',*;%*.  ;^.'  %;, .'. .  *^,\  «r r] ;  *:•  -jt  '.  :ii-L:  :.:  r^r  ^rfL :  :-rii:  to  decermine  the 
t\.-st:j.i.  i'.f  -HiAiu  •?...%  ii  c'.eir.  piJE^: -V 1  r-j^r  =.:at  be  subordinate. 
I/;/',.'.  'f.>!  ;a^;.*,  i;.  r*/-.r*^ryA  :•:  Sxi-=r5«et5£.ir^,  we  prop-jse  to  offer  a 
^-A•  M.'/.;»f,i*  jy^ri'sji'iiiv  u  oeraln  ?:&:cni'er.tg  of  anconformability 
K;;v*:  K'^fi  hf'y'.j^h'  foncar'].  wh:c?i  b&ve  an  impC'itant  bearing  on 
*K'  ;/'  ^!^J^■o'li  r.'iijk  of  th';  Rhjaenc  b**i«  among  the  formations. 

'I'/  Mr.  ^X'lrl'n  M'y^r*;'  we  owe  the  first  clear  exposition  of  the 
V.\.ii\\*:  \,».'W  t,f  Kor/i'rrf»';tj>hire.  and  the  illnstrarion  of  their  organic 
M  iij.iif,!-..  f  f  i«  t.hiWiiUiiitifjTi  of  the  beds  has  been  generally  accepted; 
i»/j'l  :i\i\,i,uif}i  ;i  J//w«;r  jurjc-tion  with  the  Eeuper,  so  as  to  include  the 
v/)j',Ir  t,i  thrr  ^if'ty  murlh  witii  the  Ehaetic  series,  has  been  adopted 
\,y  111*:  <ii'.t,\f,'^y:ii\  Survey,*  this  is  a  point  of  no  great  importance, 

'  'Mm:  jciffir  i«  jMjMihbwJ  by  p'-rmiuion  of  the  Director-General  of  the  Geologictl 
''•*"'"  >  -  ilnan.  Joum.  Geol.  Soc.,  yoI.  xxfii.  p.  189. 

'/iiuii   .rmiifi.  (;ii,|.  Hoc,  vol.  xvii.,  p.  483. 
*  II    W    Unifow.  n.fM.rt  JJrit.  Ahwkj.  for  1864;  Geol.  Mao.,  Vol.  I.,  p  236.     See 
*/'/   \y.  II.  Itiiwkntn,  (^lart.  Joum.  Geol.  Soc.,vol.  ix.,p.  396 ;  Geol.  Mao.,  Vol.  I., 
/'    '*/,    Vol.  II.,  /*.  481. 
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and  mfi^ly  ooDfirms  the  opinion  that  there  is  no  abrupt  line  between 
the  two  series  of  deposits. 

The  junction  of  tbe  Lower  Lias  witb  the  Ehretic  beds  is  in  many 
parts  of  Somersetshire  well  marked,  and  this  is  more  particularly 
the  case  on  the  north  than  on  the  south  of  the  Mendip  Hills.  Taking, 
as  Mr.  MooTB  does,  the  White  Lias  with  its  top  '* Sun-bed"  or  '' Jew- 
stone^'  as  the  tipper  limit  of  the  Rheetic  beds,  the  change  from  its 
even-bedded  and  clean-looking  white  limestones  to  the  irregular  blue 
and  brown  earthy  and  argillaceous  Ihnestones  and  clays  of  the 
Lower  Lias,  may  usually  be  detected  at  a  glance  in  most  quarries, 
or  even,  as  Mr.  Moore  remarks,  from  the  window  of  a  railway- 
carriage,  when  passing  through  a  cutting  where  these  rocks  are 
exposed. 

This  is  the  case  generally  all  over  the  area  occupied  by  these 
rooks  between  the  Avon  and  the  Mendip  Hills.^ 

To  the  south  of  this  range  in  many  places  the  junction  is  not  so 
apparent,  the  lithological  change  is  more  gradual,  so  that  it  is  often 
difficult  to  say  where  the  junction  is,  even  when  the  beds  are  traced 
out  carefully  on  the  ground. 

Thus,  in  the  railway-cutting  west  of  Shepton  Mallet  Station,  the 
junction  with  the  Lias  is  clear  and  well  marked ;  but  further  west, 
only  &ve  miles  distant,  at  Milton  Lane,  near  Wells,  also  near  Wed- 
more,  and  along  the  Polden  Hills,  the  junction  is  not  so  distinct. 
The  limestones  at  the  base  of  the  Lower  Lias  become  paler  in  colour, 
and  approach  in  character  some  beds  of  the  White  Lias,  while  the 
clays  are  replaced  by  soft  white  marls,  and  higher  up  by  what  have 
been  aptly  termed  slaty  marls.  There  are  occasionally  several  beds 
in  the  Lower  Lias  which  closely  resemble  the  "  Jew-stone."  Fur- 
ther, the  most  abundant  fossils  at  the  junction,  Ostrea  Linssica  and 
Modiola  minima,  are  common  to  the  Lias  and  Rhrotic  beds. 

Towards  the  Blackdown  Hills  the  White  Lias  has  a  meagre 
development,  whilst  at  Watchet  it  is  still  more  attenuated. 

The  stratification  of  the  Lias  and  Rhaetic  beds  is  always  con- 
formable, and  although  the  change  of  sediment  is  more  marked  in 
some  places  than  in  others,  we  have  no  reason  on  stratigraphical  or 
hthological  grounds  to  separate  the  two,  any  more  than  we  should 
separate  the  black  paper-shales  from  the  White  Lias.  Indeed,  the 
change  is  no  greater  than  that  which  is  repeated  in  the  Lias  in  the 
alternations  of  clay  and  limestone  which  compose  its  mass. 

We  will  now  turn  our  attention  to  the  junction  of  the  Rhsetic 
with  the  Keuper  Marls.  Here,  likewise,  there  is  a  perfect  conform- 
ability  and  a  clear  passage  from  one  into  the  other ;  everywhere  the 
evidence  is  unequivocal.  Commencing  with  the  Keuper  beds,  we  find, 
as  has  frequently  been  pointed  out,  that  in  ascending  the  series,  the 

»  "  Son-bed"  is  the  term  applied  by  quarry-men  in  the  neighboorboods  of  Bath  and 
Radstock  to  the  top  bed  of  the  White  Lia8#  it  is  a  hard  cream-colcared  or  bluish 
limestone  with  a  conchoidal  fracture.  The  term  **  Jew-stone  "  is  applied  to  the  same 
bed  near  Wedraore  and  along  the  Polden  Hills. 

'  We  most  refrain  from  details,  as  these  will  appear  in  a  Geologictl  ^\vx\«^  l&.^m<c3\T 
on  the  district^  soir  in  course  of  prepantion. 
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red,  marls  becoiiM  more  Taiiegated,  and  fireqnently  alternate  with 
green  and  grey  marls  now  in  rapid  succession^  dien  in  alternate 
masses,  until  we  lose  tke  red  entirety,  and  enter  upon  the  hard  and 
soft  green,  grey,  white,  and  buff-coloured  marls  whicb  constitute  the 
base  of  the  Bhsetic  series.  Sometimes  one  or  two  bands  of  red  marl 
occur  several  feet  up  in  these  latter  marls.  It  is  therefore  impossible 
to  fix  a  boundary,  save  tiiat  of  colour,  which  is  liable  to  so  much 
variation,  that  the  same  horizon  cannot  be  accurately  determined  in 
different  sections. 

Evidences  of  unconformability  between  these  beds  have,  however, 
been  put  forwanl,  and  these  we  must  proceed  to  notice.  Mr.  Moore  ^ 
alludes  to  the  frequent  unconformability  of  the  Lower  Lias,  Bhsdtic, 
and  New  Bed  Marl,  due  to  '*  the  absence  of  some  of  their  members." 
Whilst  at  Queen's  Camel,  where  the  section  is  complete,  he  observes 
that  there  is  ''  a  clear  passage  upwards,  without  any  break,  from  the 
upper  beds  of  the  Eeuper,  through  the  Hhsetic  and  White  Lias 
series  into  the  Lower  Lias,"  yet  to  the  North  of  the  Mendips  this  is 
not  the  case.  Li  this  area  he  finds  a  total  absence  of  the  zones  of 
Ammonites  planorbis  and  of  A,  angviatus;  but  the  latter  occurs  in  the 
zone  of  A.  Bucldandi,  which  thus  rests  directly  on  the  White  Lias. 
Although  he  has  '*  no  special  faith  in  precise  Anmionite  or  other 
zones  of  life," '  Mr.  Moore  r^ards  the  absence  of  the  zones  as  evidence 
of  unconformability ;  and  this  feature  extends  as  far  as  Bath.'  Mr. 
Moore  alludes  also  to  the  paucity  of  Saurian  remains  in  this  area. 

As  we  have  mentioned,  the  junction  of  the  Lias  with  the  Bhaetic 
beds  on  this  side  of  the  Mendips  is  more  distinctive  than  it  is  to  the 
south,  there  being  no  difficulty  in  determining  it ;  but  the  stratifica- 
tion of  the  beds  is  always  conformable,  and  there  is  no  evidenoe  of 
any  marked  lapse  of  time  between  the  deposition  of  the  two  series. 
Certainly  the  P/anor&t<-beds  were  never  deposited  in  this  area  and 
.subsequently  removed ;  the  thinning  out  of  the  Lower  Lias  appears 
to  be  due  to  a  suspension  of  sediment  or  slowness  of  deposition. 
Mr.  Moore  accounts  for  the  attenuation  of  many  of  the  Secondary 
beds  in  this  area  on  the  ground  that  the  Mendip  Hills  formed  a 
barrier  against  the  incursion  of  sedimentary  matter  to  the  north.  If 
this  be  true,  they  may  have  formed  a  barrier  to  check  the  migration 
of  the  Ammonites  planorbis. 

At  all  events,  we  do  not  see  that  this  feature  in  any  way  affects 
the  general  conformability  of  the  Bhsetic  and  Lower  Lias,  or  indeed 
of  any  of  the  other  Secondary  strata,  some  of  which  show  a  striking 
attenuation. 

Neither  can  we  admit  that  **  the  absence  of  some  of  iheir  memben,*^ 
whether  lithological  or  palceontological,  neoessanly  constitutes  a 
proof  of  imconformability.  It  would  be  most  unreasonable  to  sup- 
pose that  the  same  operations  and  conditions  were  in  force  forming 

*  Quart.  Joum.  Geol.  Soc.,  toI.  xxiii.,  p.  469,  etc. 

*  Quart.  Joum.  Greol.  Soc.,  Yol.  xTii.,  p.  487;  toI.  xxiii.,  p.  471.  ^   ^ 

3  Ammonites  planorbia  occurs  at  Keynflham,  and  we  have  noticed  it  in  the  ontdng 
near  Bitton  Station  on  the  Mi^Uand  Railway.  We  hare  also  obtained  it  in  the  chertj 
IfedB  of  the  Idas  at  Harptree  HUl. 
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sediment  of  a  like  nature,  synchronously,  over  the  extensive  area 
where  these  formations  are  known  to  occur.  So,  likewise,  with 
respect  to  their  entombed  organic  remains,  **  we  may  expect  that 
species  found  in  some  places  may  not  be  discovered  in  others,  since 
we  can  scarcely  anticipate  that  it  would  be  otherwise,  or  that  all 
the  creatures  existing  even  upon  a  moderately- sized  area  in  the 
waters  beneath  which  this  mass  of  calcareous  matter  and  mud  was 
accumulated  would  be  found  in  one  locality."  * 

Mr.  Moore  ^  points  out  what  he  considers  to  be  a  possible  uncon- 
formability  between  the  Bed  Marl  and  the  Bhsetic  beds  in  the 
sections  at  Watchet,  Aust,  and  Penarth,  because  there  the  Bhsetic 
beds  are  seen  to  lie  almost  immediately  upon  gypseous  marls, 
whereas  at  Hatch,  near  Taunton,  a  different  series  of  marls  intervenes. 

To  this  we  need  only  reply  that  the  occurrence  of  gypsum  is  very 
local,  being  sometimes  present  and  sometimes  absent  in  the  same 
series  of  marls  only  a  short  distance  apart.  Thus  to  the  west  of 
Watchet,  g3rpsum  is  very  abundant,  whereas  to  the  east  it  is  absent, 
although  the  general  lithological  character  of  the  beds  is  the  same. 
Grypsum  also  occurs  at  different  horizons,  as  may  be  seen  in  the  in- 
structive coast  section  to  the  west  of  Watchet,  where  it  occurs  in  the 
Red  Marls  of  the  Keuper,  and  likewise  in  the  thin-bedded  grey,  black 
and  buff-coloured  marls  of  the  Bhaetic  series,  commencing  about  30 
feet  above  the  junction  of  the  latter  with  the  Bed  Marls,  and  extend- 
ing to  within  a  few  feet  of  the  black  Avicula  contorta  shales.  It  is 
equally  abundant  in  both  series  of  marls,  occurring  in  nodules, 
nodular  bands  and  fibrous  veins,  of  various  thickness,  the  latter 
intersecting  the  beds  in  every  conceivable  direction.  Thus  the 
formation  of  the  gypsum  is  evidently  of  posterior  date  to  the  deposi- 
tion of  the  marls,  and  instead  of  tending  to  prove  unconformability 
between  the  Bhaetic  beds  and  New  Bed  Marl,  rather  points  to  the 
intimate  relations  of  the  two  series  of  conformable  beds.^ 

Professor  Bamsay*  regards  the  Lias  and  Bhaetic  beds  as  conform- 
able, but  he  mentions  "symptoms  of  erosion"  which  have  been 
observed  between  them  at  Penarth  and  Curry  Bivell.  The  Sun-bed 
at  Curry  Bivell  presents  an  irregular  surface,  and  the  same  feature 
is  present  on  the  surfaces  of  other  beds  of  tlie  White  Lias  below. 
Regarding  the  Bhaetic  beds  as  "formed  in  shallow  water  under 
brackish  semi -est  uarine  conditions,"  he  remarks  that  estuarine  or 
tidal  sea-currents  would  have  been  sufficient  to  produce  these  phe- 
nomena when  the  Lias-sea  first  came  across  a  slowly  sinking  area. 

We  have  never  met  with  any  evidences  of  erosion  due  to  exposure 
at  the  time  to  atmospheric  influences.  Evidences  of  shallow  water 
and  of  pauses  in  deposition  occur  at  all  horizons  in  the  Bhaetic 
series,  though  they  are  not  to  be  frequently  observed.     They  consist 

^  De  la  Beche'8  Greological  Report  on  Cornwall,  Devon  and  West  Somerset,  p.  232. 

»  Quart.  Joum.  Geol.  Soc,  vol.  xxiii.,  p.  468. 

3  I  am  inclined  to  think  that  the  veins  were  formed  after  the  beds  were  con- 
solidated, the  striae  being  always  at  right  angles  to  the  walls  of  the  same,  whereas 
the  nodules  may  have  been  formed  by  segregation  or  otherwise  when  the  beds  were 
unconsolidated,  and  perhaps  shortly  after  their  deposition. — J.E.B. 

*  Quart.  Journ.  Geol.  Soc.,  roL  xzvii,,  p.  197. 
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of  sun-cracks,  pseadomorphous  crystals  of  rock-salt,  ripple-marks, 
sands  and  conglomerates. 

Some  writers^  have  pointed  to  the  occurrence  of  perforations  by 
boring  molluscs  in  the  top  beds  of  the  White  Idas.  During  the  past 
four  years  we  have  looked  in  vain  for  any  such  evidence.  There  are 
certainly  curious  hollows  sometimes  apparent  in  these  beds,  bat  none 
that  we  have  observed  could  be  refened  with  certainty  to  the  action 
of  Pholas  or  any  other  marine  mollusc.  Nor  have  any  traces  (so  far 
as  we  are  aware)  of  any  marine  boring  mollusc  been  detected 
in  these  beds.  Pholas  is  not  even  recorded  from  the  Lias  of  this 
country.* 

There  seem  to  be  two  kinds  of  perforations.  The  one  in  the  form 
of  hollows  in  the  stone,  evidently  produced  siter  the  consolidation 
of  the  rock.  But  we  have  noticed  that  wherever  these  occurred  it 
was  either  where  the  beds  were  denuded  of  the  Lower  Lias,  and  thus 
exposed  at  the  surface,  or  it  was  on  the  fisices  of  joints.  They  are 
clearly  due  to  atmospheric  influences ;  possibly  snails  may  have  done 
something,  but  sufficient  evidence  of  the  boring  power  of  these 
animals  has  not  yet  been  brought  forward.  Some  few  holes,  as  Mr. 
Moore  tells  us,  are  due  to  the  weathering  out  of  Corals. 

The  other  kind  of  perforation  is  that  which  occurs  in  the  upper 
beds  of  the  White  Lias  at  Curry  Rivell,  near  Taunton.  Messrs. 
Bristow  and  Etherjdge  have  obtained  some  very  fine  specimens 
showing  tubular  perforations  extending  two  or  three,  and  sometimes 
nearly  six  inches,  into  the  stone.  They  are  deposited  in  the  Museum 
at  Jormyn  Street.  The  natare  of  these  perforations  indicates  that 
they  were  formed  contemporaneously  with  the  sediment  now  con- 
solidated, that  is  to  say,  that  they  were  the  burrows  of  some  marine 
animal  in  the  soft  calcareous  mud  of  the  Bhcetic  period.  Mr. 
Etheridge  is  inclined  to  refer  them  to  an  Annelid,  or  possibly  to 
Litbodomus.  It  is  not,  however,  probable  (the  stratigraphical 
evidence  so  strongly  forbidding  such  a  notion)  that  the  upper  beds 
of  the  White  Lias  were  consolidated  previously  to  the  deposition  of 
the  Lower  Lias ;  so  that  we  could  not  expect  to  find  evidences  of 
perforations  by  any  lithodomous  mollusca  of  that  period. 

Sometimes  the  upper  surface  of  the  Sun-bed  or  Jew-stone,  where 
it  is  exposed,  presents  a  striated  appeeurance,  being  crossed  in  all 
directions  by  fine  grooves.  It  is  difficult  to  account  for  this ;  but  the 
notion  originally  suggested  by  the  Bev.  J.  Sutclifife,^  that  such 
striations  on  limestones  were  originally  sun-cracks,  seems  a  plausible 
theory.  Subsequent  pluvial  action  luis  done  much  to  modify  and 
enlarge  them. 

The  Cotham  Marble,  which  occurs  at  the  base  of  the  White  Lias, 
and  frequently  the  Sun-bed,  have  an  irregular  corrugated  surface, 
which,  as  Conybeare  ^  remarks,  ''sometimes  represent  the  interlaoings 

^  Amongst  whom  Moore,  Quart.  Joum.  Geol.  Soe.,  yoI.  xziii.,  p.  496. 
'  Tate,  Census  of  the  Marine  Inyertehrate  Fauna  of  tiie  jLias,  Gbol.   Mag., 
Vol.  VIII.,  p.  4. 
'  A  abort  iDtrodaction  to  the  Study  of  Geology,  181 7>  p.  21. 
'  Geology  of  England  and  Wales,  p.  264. 
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of  iry."  These  iqppeaianoes  have  been  referred  to  by  some  ae  eroded 
nufaoes.  The  staractore  of  the  stone,  however,  forbids  suoh  a  notion, 
as  thin  layers  uot  often  be  split  of^  which  correspond  to  the  irre- 
gular mxd&oe.  £ideed,  as  Edward  Owen,'  the  man  who  first  de- 
scribed the  Landscape  Marble,  pointed  out  more  than  a  centory  ago, 
"the  rough  coat  itself  is  composed  of  a  great  many  thin  coats  laid 
oyer  one  another."  It  is  the  same  irregularity,  as  it  seems  to  us, 
which  on  a  Lager  scale  is  seen  so  often  in  tibe  limestones  of  the 
Lower  Lias — a  stractore  probably  indnced  during  the  drying  and 
consolidation  of  the  deposits.  The  Gotham  Marble,  as  is  well 
known,  occurs  in  isolated  masses. 

Professor  Bamsay  has  pointed  out  the  formation  of  the  New  Bed 
Marl  in  an  inland  salt  lake,  and  how  the  same  general  geographical 
features  ushered  in  the  Bhaetic  series ;  subsequently  a  gradual  sinking 
of  the  area  caused  a  partial  influx  of  the  sea  over  shallow  bottoms. 
Marine  forms  thus  migrated  from  a  true  Bhsstic  ocean,  but  during  a 
long  period  shallow  water  under  brackish  semi-estuarine  conditions 
prev)euled,  until  the  conclusion  of  BhaBtic  times,  when  the  purely 
marine  conditions  of  the  Lower  Lias  period  predominated.' 

Thus  we  have  a  dear  explanation  of  the  fauna  of  these  times,  and 
can  understand  the  migration  into  the  area  of  Ammonites  and  other 
Cephalopoda,  which  in  this  country  are  the  chief  palssontological 
features  which  distinguish  the  Lias  from  the  Bhsetic  beds. 

We  have  not  yet  sufficient  material  for  tracing  out  the  probable 
boundaries  of  the  Bheetic  formation  in  the  British  area.  In  several 
places  we  find  evidences  of  old  coast  margins,'  and  it  remains  to  be  seen 
whether  possibly  some  of  the  Dolomitic  Conglomerates  and  breccias 
of  the  Mendips,  instead  of  all  being  regarded  as  beach  deposits  of 
the  Eeuper  period,  may  not  be  regarded  as  of  newer  date.^  De  la 
Beche  ^  remarks  that ''  in  some  localities  we  scarcely  know  where  to 
draw  the  line  between  the  Dolomitic  and  Lias  Conglomerates^"  which 
is  accounted  for  by  a  continuation  of  "  the  same  general  physical 
causes  for  the  production,  accumulation,  and  consolidation  of  the 
gravel  and  fragments." 

That  so  distinctive  a  name  as  Bhsetio  be  given  to  these  beds,  and 
that  they  should  be  mapped  separately,  are  points  which  are  not 
seriously  affiBcted  by  our  opinions  as  to  their  relations.  They  may 
be  conveniently  regarded  as  a  stage  connecting  the  Eeuper  forma- 
tion with  the  Lias,  and  belonging  as  much  to  the  one  as  to  the  other, 
— a  stage  in  the  history  of  the  area  under  consideration  which,  com- 
mencing with  the  conglomerates,  sandstones,  and  marls  of  the  Eeuper 

^  Obsenrations  on  the  Earths,  Boclu,  Stones,  and  Minerals  about  Bristol,  etc., 
1764,  p.  163. 

'  Quart.  Jonm.  Geol.  Soc.,  toI.  xxni.,  p.  189.  See  also  Memoir  of  Edward 
Forbes,  b^  Wilson  and  Geikie,  p.  418. 

'  At  Nempnet,  near  Chew  Stoke,  I  mapped,  in  1867,  some  beds  of  Conglomerate 
as  of  Bheetic  age. — H.  B.W. 

^  The  idea  was  first  suggested  to  ns  in  1868  bjr  Mr.  Gibbs,  late  of  the  Geological 
Sorrej.  It  is  also  held  by  Mr.  Moore,  in  his  paper  on  the  Geology  of  the 
Mendips,  Proc.  Somerset  Area,  and  Nat.  Hist  Soc,  yol.  XT. 

*  Mem.  QeoL  Survey,  roL  L,  p.  272, 
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enumerated  above  belong  to  the  former  group.  It  is  obiemUe 
also  that  if  the  affinities  of  the  fossil  plants  plaoed  mider  A^rotaaaki 
and  Condylites  have  been  properly  ascertauied,  each  of  the  sab- 
tribes  of  iJ^e  Ahietinea  is  provided  with  at  least  one  repreaentatiTe  in 
the  Solenhofen  Oolitic  Flora, — AihrotaxiB  belonging  to  the  ToxodtM, 
and  Condylites  most  probably  to  the  Cupre$nne^  It  is  farther 
also  interesting  to  notice  that  in  that  case,  besides  an  nndoabtod 
species  of  Eutcieta,  we  have  from  Solenhofen  an  additional  link  in 
AthrotaadteB  to  connect  existing  Australian  living  foima  with  those 
of  the  Oolitic  age* 


n. — ^NOTES  ON  THX  BeLATTONS  01*  ISE  BhJBTIO  BxDS  TO  THX  LOWB 

Lias  and  Esupeb  Fobmatu)ns  in  Sombbsbtshibs.^ 

By  HoRAOB  B.  Woodward,  F.G.S.,  and  J.  H.  Blaks,  Assoc  Inst  C^.,  F.6.8., 

Of  the  Geological  Surrej  of  England  and  Wales. 

IT  would  At  first  sight  seem  saperfluous  that  anything  more  should 
be  written  upon  the  relations  of  the  Bhsdtic  Beds  in  England, 
for  during  the  past  twelve  years  tbey  have  received  so  mndli  atten- 
tion— the  principal  sections  have  been  described,  and  the  beds  haTe 
been  well  and  successfully  searched  for  fossils.     But  whilst  there 
has  been  no  lack  of  petrological  and  palseontologicsJ  evidence, — and 
we  ought  to  be  very  thankful  to  railway  companies  in  the  western 
counties  for  op^iing  up  so  many  fine  sections, — still  it  is  somewhat 
astonishing  to  remark,  there  has  been  and  there  still  appears  to  be 
a  considerable  diversity  of  opinion  on  the  subject  of  the  relations  of 
the  beds.    Some  authorities  have  placed  them  with  the  Lias,  othera 
with  the  Trias;  some  regard  them  as  quite  an  independent  formation, 
others  as  passage-beds  belonging  as  much  to  the  one  as  to  the  other. 

That  the  last-mentioned  notion  is  gaining  ground,  we  have  no 
doubt,  and  Prof.  Bamsay^s'  recent  paper  on  the  subject  will  have 
done  much  to  impress  this  opinion. 

Stratigraphical  evidence  ought  to  be  sufficient  to  determine  the 
question,  for  when  this  is  clear,  palaeontology  must  be  subordinate. 
Upon  thifi  point,  in  reference  to  Somersetshire,  we  propose  to  offer  a 
few  remarks,  partioalariy  as  certain  statements  of  unconformability 
have  been  brought  forward,  which  have  an  important  bearing  on 
the  geological  rank  of  the  Bhsetic  beds  among  the  formations. 

To  Mr.  Charles  Moore'  we  owe  the  first  clear  exposition  of  the 
Bhsdtic  beds  of  Somersetshire,  and  the  illustration  of  their  organic 
remains.  His  classification  of  the  beds  has  been  generally  accepted; 
and  although  a  lower  jimction  with  the  Keuper,  so  as  to  include  the 
whole  of  the  Grey  marls  with  the  Bhsetic  series,  has  been  adopted 
by  the  Geological  Survey,*  this  is  a  point  of  no  great  importance, 

*  This  paper  is  published  by  permission  of  the  Director-General  of  the  Geological 
Burvey.  ^  Quart.  Joum.  Geol.  Soc.,  vol.  xxvii.  p.  189. 

'  Quart.  Joum.  Geol.  Soc.,  vol.  xvii.,  p.  483. 

*  fl.  W.  Bristow,  Report  Brit.  Assoc,  tor  1864 ;  Gbol.  Mao.,  Vol.  I.,  p  236.  8«e 
^  also  W.  B.  Dawkins,  Quart.  Joum.  Geol.  Soc.,  vol.  ix.,  p.  396 ;  Gbol.  Mao.,  Vol.  I., 
^^.237;   Vol.  IL,  p.  m. 
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md  mcgnely  ooDfirms  the  opinion  that  there  is  no  abrupt  line  between 
^e  two  series  of  deposits. 

The  junction  of  tbe  Lower  Lias  witb  the  Ehretic  beds  is  in  many 
puts  of  Somersetshire  well  marked,  and  this  is  more  particularly 
fte  case  on  the  north  than  on  the  south  of  the  Mendip  Hills.  Taking, 
M Mr.  Moore  does,  the  White  Lias  with  its  top  ** Sun-bed"  or  "  Jew- 
fkfDB,^  as  the  tipper  limit  of  the  Rheetic  beds,  the  change  from  its 
e?ea-bedded  and  clean-looking  white  limestones  to  the  irregular  blue 
and  brown  earthy  and  argillaceous  limestones  and  clays  of  the 
Lower  Lias,  may  usually  be  detected  at  a  glance  in  most  quarries, 
or  even,  as  Mr.  Moore  remaiks,  from  the  window  of  a  railway- 
ourriage,  when  passing  through  a  cutting  where  these  rocks  are 
exposed. 

This  is  the  case  generally  all  over  the  area  occupied  by  these 
locks  between  the  Avon  and  the  Mendip  Hills.^ 

To  the  south  of  this  range  in  many  places  the  junction  is  not  so 
tpparent,  the  lithological  change  is  more  gradual,  so  that  it  is  often 
difficult  to  say  where  the  junction  is,  even  when  the  beds  are  traced 
out  carefully  on  the  ground. 

.  ThuBf  in  the  railway-cutting  west  of  Shepton  Mallet  Station,  the 
janotion  with  the  Lias  is  clear  and  well  marked ;  but  further  west, 
only  fire  miles  distant,  at  Milton  Lane,  near  Wells,  also  near  Wed- 
more,  and  along  the  Polden  Hills,  the  junction  is  not  so  distinct. 
The  limestones  at  the  base  of  the  Lower  Lias  become  paler  in  colour, 
and  approach  in  character  some  beds  of  the  White  Lias,  while  the 
clays  are  replaced  by  soft  white  marls,  and  higher  up  by  what  have 
been  aptly  termed  slaty  marls.  There  are  occasionally  several  beds 
in  the  Lower  Lias  which  closely  resemble  the  "  Jew-stone."  Fur- 
ther, the  most  abundant  fossils  at  the  junction,  Ostrea  Linssica  and 
Modiola  minima,  are  common  to  the  Lias  and  Bhastic  beds. 

Towanis  the  Blackdown  Hills  the  White  Lias  has  a  meagre 
development,  whilst  at  Watchet  it  is  still  more  attenuated. 

The  stratification  of  the  Lias  and  Ehsetic  beds  is  always  con- 
formable, and  although  the  change  of  sediment  is  more  marked  in 
some  places  than  in  others,  we  have  no  reason  on  stratigraphical  or 
lithological  grounds  to  separate  the  two,  any  more  than  we  should 
separate  the  black  paper-shales  from  the  White  Lias.  Indeed,  the 
change  is  no  greater  than  that  which  is  repeated  in  the  Lias  in  tlio 
alternations  of  clay  and  limestone  which  compose  its  mass. 

We  will  now  turn  our  attention  to  the  junction  of  the  Rhsetic 
with  the  Keuper  Marls.  Here,  likewise,  there  is  a  perfect  conform- 
ability  and  a  clear  passage  from  one  into  the  other ;  everywhere  the 
evidence  is  unequivocal.  Commencing  with  the  Keuper  beds,  we  find, 
as  has  frequently  been  pointed  out,  that  in  ascending  the  series,  the 

1  «  Son-bed"  is  the  term  applied  by  qparry-men  in  the  neighbourhoods  of  Bath  and 
Rftdstock  to  the  top  bed  of  the  White  Lias*  it  i»  a  hard  cream-coloared  or  bluish 
limeitone  with  a  conohoidal  fracture.  The  term  *'  Jew-stone  "  is  applied  to  the  same 
bed  near  Wedmore  and  along  the  Polden  Hills. 

*  We  must  refrain  from  details,  as  these  will  appear  in  a  Qeolo^cal  Suxx^^  ttsinssa 
QEk  the  district^  sow  in  course  ofprepanUon, 
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red  marls  become  more  vari^ated,  and  firequently  alternate  widi 
green  and  grey  marls  now  in  rapid  sucoession,  tiien  in  alternate 
masses,  until  we  lose  the  red  entirely,  and  enter  upon  the  bard  and 
soft  green,  grey,  white,  and  bu£f-coloured  marls  which  oonstitute  the 
base  of  the  Bhastic  series.  Sometimes  one  or  two  bands  of  red  nuurl 
occur  several  feet  up  in  these  latter  marls.  It  is  therefore  impossible 
to  fix  a  boundary,  save  that  of  colour,  which  is  liable  to  so  mudi 
variation,  that  the  same  horizon  cannot  be  accurately  determined  in 
dififerent  sections. 

Evidences  of  unconformability  between  these  beds  have,  boweyer, 
been  put  forward,  and  these  we  must  proceed  to  notice.  Mr.  Moore  ^ 
alludes  to  the  frequent  unconformability  of  the  Lower  Lias,  Bhstic 
and  New  Bed  Marl,  due  to  '*  the  absence  of  some  of  their  memben." 
Whilst  at  Queen's  Camel,  where  the  section  is  complete,  he  observes 
that  there  is  ''  a  clear  passage  upwards,  without  any  break,  from  the 
upper  beds  of  the  Keuper,  through  the  Bhsdtic  and  White  Lias 
series  into  the  Lower  Lias,"  yet  to  the  North  of  the  Mendips  thiB  is 
not  tlie  case.  Li  this  area  he  finds  a  total  absence  of  the  zones  of 
Ammonites  planorhis  and  of  A.  angulatua  ;  but  the  latter  occurs  in  the 
zone  of  A.  BucJdandi,  which  thus  rests  directly  on  the  White  Lias. 
Although  he  has  **  no  special  faith  in  precise  Ammonite  or  other 
zones  of  life,"'  Mr.  Moore  regards  the  absence  of  the  zones  as  evidenoe 
of  unconformability ;  and  this  feature  extends  as  far  as  Bath.'  Mr. 
Moore  alludes  also  to  the  paucity  of  Saurian  remains  in  this  area. 

As  we  have  mentioned,  the  junction  of  the  Lias  with  the  Bhstic 
beds  on  this  side  of  the  Mendips  is  more  distinctive  than  it  is  to  the 
south,  there  being  no  difficulty  in  determining  it ;  but  the  stratifica- 
tion of  the  beds  is  always  conformable,  and  there  is  no  evidence  of 
any  marked  lapse  of  time  between  the  deposition  of  the  two  series. 
Certainly  the  P/anorWa-beds  were  never  deposited  in  this  area  and 
.subsequently  removed ;  the  thinning  out  of  the  Lower  Lias  appears 
to  be  due  to  a  suspension  of  sediment  or  slowness  of  deposition. 
Mr.  Moore  accounts  for  the  attenuation  of  many  of  the  Secondary 
beds  in  this  area  on  the  ground  that  the  Mendip  Hills  formed  a 
barrier  agiiinst  the  incursion  of  sedimentary  matter  to  the  north.  If 
this  be  true,  they  may  have  formed  a  barrier  to  check  the  migration 
of  the  Ammonites  planorbis. 

At  all  events,  we  do  not  see  that  this  feature  in  any  way  affects 
the  general  conformability  of  the  Bhrotic  and  Lower  Lias,  or  indeed 
of  any  of  the  other  Secondary  strata,  some  of  which  show  a  striking 
attenuation. 

Neither  can  we  admit  that  "  the  absence  of  some  of  their  members,** 
whether  lithological  or  palaeontological,  necessarily  constitutes  a 
proof  of  unconformability.  It  would  be  most  unreasonable  to  sup- 
pose that  the  same  operations  and  conditions  were  in  force  forming 

^  Quart.  Joum.  Geol.  Soc.,  vol.  xxiii.,  p.  459,  etc. 

*  Quart  Joum.  Greol.  Soc.,  toI.  xvii.,  p.  487;  vol.  xxui.,  p.  471. 

'  Ammonites  planorbia  occurs  at  Keynaham,  and  we  have  noticed  it  in  the  cutdiig 
near  Bitton  Station  on  the  Midland  Bailwaj.  We  hare  also  obtained  it  ia  the  ohertj 
beds  of  the  Liu  at  Harptree  HUl. 
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ediment  of  a  like  nature,  Bynchronously,  oyer  the  extensive  area 
rhere  these  formations  are  known  to  occur.  So,  likewise,  with 
Qspeot  to  their  entomhed  organic  remains,  "  we  may  expect  that 
pecies  found  in  some  places  may  not  he  discovered  in  others,  since 
re  can  scarcely  anticipate  that  it  would  he  otherwise,  or  that  all 
he  creatures  existing  even  upon  a  moderately-sized  area  in  the 
raters  heneath  which  this  mass  of  calcareous  matter  and  mud  was 
locamulated  would  be  found  in  one  locality."  * 

Mr.  Moore'  points  out  what  he  considers  to  be  a  possible  uncon- 
brmability  between  the  Bed  Marl  and  the  Bhsetic  beds  in  the 
lections  at  Watchet,  Aust,  and  Penarth,  because  there  the  BhsBtic 
>edB  are  seen  to  lie  almost  immediately  upon  gypseous  marls, 
whereas  at  Hatch,  near  Taunton,  a  different  series  of  marls  intervenes. 

To  this  we  need  only  reply  that  the  occurrence  of  gypsum  is  very 
ooal,  being  sometimes  present  and  sometimes  absent  in  the  same 
teries  of  marls  only  a  short  distance  apart  Thus  to  the  west  of 
S^atchet,  gypsum  is  very  abundant,  whereas  to  the  east  it  is  absent, 
dthongh  the  general  lithological  character  of  the  beds  is  the  same. 
3ypsam  also  occurs  at  different  horizons,  as  may  be  seen  in  the  in- 
(tractive  coast  section  to  the  west  of  Watchet,  where  it  occurs  in  the 
Sed  Marls  of  the  Eeuper,  and  likewise  iu  the  thin-bedded  grey,  black 
md  bnfif-ooloured  marls  of  the  Bhsetic  series,  commencing  about  30 
eet  above  the  junction  of  the  latter  with  the  Bed  Marls,  and  extend- 
ng  to  within  a  few  feet  of  the  black  Avicula  cantorta  shales.  It  is 
)qaally  abundant  in  both  series  of  marls,  occurring  in  nodules, 
lodnlar  bands  and  fibrous  veins,  of  various  thickness,  the  latter 
ntersecting  the  beds  in  every  conceivable  direction.  Thus  the 
brmation  of  the  gypsum  is  evidently  of  posterior  date  to  the  deposi- 
ion  of  the  marls,  and  instead  of  tending  to  prove  unconformability 
)eiween  the  Bhsetic  beds  and  New  Bed  Marl,  rather  points  to  the 
ntimate  relations  of  the  two  series  of  conformable  beds.^ 

Professor  Bamsay*  regards  the  Lias  and  Bhaetic  beds  as  conform- 
able, but  he  mentions  "symptoms  of  erosion"  which  have  been 
observed  between  them  at  Penarth  and  Curry  Bivell.  The  Sun-bed 
it  Curry  Bivell  presents  an  irregular  surface,  and  the  same  feature 
B  present  on  the  surfaces  of  other  beds  of  the  White  Lias  below, 
^garding  the  Bhaetic  beds  as  "formed  in  shallow  water  under 
)rackish  semi-estuarine  conditions,"  he  remarks  that  estuarine  or 
idal  sea-currents  would  have  been  sufficient  to  produce  these  phe- 
lomena  when  the  Lias-sea  first  came  across  a  slowly  sinking  area. 

We  have  never  met  with  any  evidences  of  erosion  due  to  exposure 
kt  the  time  to  atmospheric  influences.  Evidences  of  shallow  water 
md  of  pauses  in  deposition  occur  at  all  horizons  in  the  Bhsetic 
leries,  though  they  are  not  to  be  frequently  observed.     They  consist 

1  De  la  Beche's  Geological  Report  on  Cornwall,  Devon  and  West  Somerset,  p.  232. 

*  Quart  Joum.  Geol.  Soc,  vol.  xxiii.,  p.  468. 

*  I  am  inclined  to  think  that  the  veins  were  formed  after  the  beds  were  oon- 
olidated,  the  striae  being  always  at  right  angles  to  the  walls  of  the  same,  whereas 
he  nodules  may  have  been  formed  by  segreeation  or  otherwise  when  the  beds  were 
ineonsolidated,  and  perhaps  shortly  after  their  deposition.— J. E.B. 

*  QoMiU  Joum.  Geol.  8<>c.,  roL  xxrii.,  p.  197. 
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of  sun-cracksy  pseudomorphouB  orystals  of  rock-salty  ripple-maiks, 
Bands  and  oonglomerates. 

Some  writers^  have  pointed  to  the  oocanenoe  of  perfoiations  bj 
boring  molluscs  in  the  top  beds  of  the  White  Idas.  During  the  past 
four  years  we  have  looked  in  vain  for  any  such  evidence.  There  are 
certainly  curious  hollows  sometimes  apparent  in  these  beds,  bat  none 
that  we  have  observed  could  be  referred  with  certainty  to  the  actum 
of  Pholas  or  any  other  marine  mollusc.  Nor  have  any  traces  (so  &r 
as  we  are  aware)  of  any  marine  boring  mollusc  been  detected 
in  these  beds.  Pholas  is  not  even  recorded  firom  the  Lias  of  this 
country.' 

There  seem  to  be  two  kinds  of  perforations.  The  one  in  the  form 
of  hollows  in  the  stone,  evidently  produced  after  the  consolidation 
of  the  rock.  But  we  have  noticed  that  wherever  these  occurred  it 
was  either  where  the  beds  were  denuded  of  the  Lower  Lias,  and  thus 
exposed  at  the  surface,  or  it  was  on  the  faces  of  joints.  They  aie 
clearly  due  to  atmospheric  influences ;  possibly  snails  may  have  done 
something,  but  sufficient  evidence  of  the  boring  power  of  these 
animals  has  not  yet  been  brought  forward.  Some  few  holes,  as  Mr. 
Moore  tells  us,  are  due  to  the  weathering  out  of  Corals. 

The  other  kind  of  perforation  is  that  which  occurs  in  the  uppei 
beds  of  the  White  Lias  at  Curry  Rivell,  near  Taunton.  Messrs 
Bristow  and  Etheridge  have  obtained  some  very  fine  specimeni 
showing  tubular  perforations  extending  two  or  three,  and  sometime! 
nearly  six  inches,  into  the  stone.  They  are  deposited  in  the  Mnseun 
at  Jermyn  Street.  The  nature  of  these  perforations  indicates  tha' 
they  were  formed  contemporaneously  with  the  sediment  now  con 
solidated,  that  is  to  say,  that  they  were  the  burrows  of  some  marint 
animal  in  the  soft  calcareous  mud  of  the  Bhaetic  period.  Mr 
Etheridge  is  inclined  to  refer  them  to  an  Annelid,  or  possibly  U 
Lithodomus.  It  is  not,  however,  probable  (the  stratigraphica 
evidence  so  strongly  forbidding  such  a  notion)  that  the  upper  bedi 
of  the  White  Lias  were  consolidated  previously  to  the  deposition  o 
the  Lower  Lias ;  so  that  we  could  not  expect  to  find  evidences  o 
perforations  by  any  lithodomous  mollusca  of  that  period. 

Sometimes  the  upper  surface  of  the  Sun-bed  or  Jew-stone,  when 
it  is  exposed,  presents  a  striated  appearance,  being  crossed  in  al 
directions  by  fine  grooves.  It  is  difficult  to  account  for  this ;  but  th< 
notion  originally  suggested  by  the  Rev.  J.  Sutcliflfe,'  that  sucl 
striations  on  limestones  were  originally  sun -cracks,  seems  a  plausibL 
theory.  Subsequent  pluvial  action  has  done  much  to  modify  an< 
enlarge  them. 

The  Gotham  Marble,  which  occurs  at  the  base  of  the  White  Lias 
and  frequently  the  Sun-bed,  have  an  irregular  corrugated  surface 
which,  as  Conybeare  ^  remarks,  '*  sometimes  represent  the  interlacing 

^  Amongst  whom  Moore,  Quart.  Journ.  Geol.  Soc,  yol.  xziii.,  p.  496. 
'  Tate,  Census  of  the  Marine  Inyertebrate  Fauna  of  the  jLias,  Gbol.   Mao. 
Vol.  VIII.,  p.  4. 
'  A  short  Introduction  to  the  Study  of  Geology,  1817,  p.  21. 
*  Oeologj  of  England  and  Wales,  p.  264. 
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of  ivy."  These  appearonoes  have  been  referred  to  by  some  as  eroded 
nir&oes.  The  stnicture  of  the  stone,  however,  forbids  such  a  notion, 
as  thin  layers  m^  often  be  split  off,  which  correspond  to  the  irre- 
g;alar  surface.  Lideed,  as  Edward  Owen,'  the  man  who  first  de- 
Msibed  the  Landscape  Marble,  pointed  out  more  than  a  century  ago, 
"  the  rough  coat  itself  is  composed  of  a  great  many  thin  coats  laid 
OTer  one  another."  It  is  the  same  irregularity,  as  it  seems  to  us, 
whidi  on  a  larger  scale  is  seen  so  often  in  the  limestones  of  the 
Lower  Lias — a  structure  probably  induced  during  the  drying  and 
consolidation  of  the  deposits.  The  Gotham  Marble,  as  is  well 
known,  occurs  in  isolated  masses. 

Professor  Bamsay  has  pointed  out  the  formation  of  the  New  Bed 
Marl  in  an  inland  salt  lake,  and  how  the  same  general  geographical 
features  ushered  in  the  Bhaatic  series ;  subsequently  a  gradual  sinking 
of  the  area  caused  a  partial  influx  of  the  sea  over  shallow  bottoms. 
Marine  forms  thus  migrated  from  a  true  Bhntic  ocean,  but  during  a 
k>ng  period  shallow  water  under  brackish  semi-estuarine  conditions 
prevailed,  until  the  conclusion  of  Bha^tic  times,  when  the  purely 
marine  conditions  of  the  Lower  Lias  period  predominated.* 

Thus  we  have  a  clear  explanation  of  the  fauna  of  these  times,  and 
can  understand  the  migration  into  the  area  of  Ammonites  and  other 
Cephalopoda,  which  in  this  country  are  the  chief  palsdontological 
features  which  distinguish  the  Lias  from  the  Bhoetic  beds. 

We  have  not  yet  sufficient  material  for  tracing  out  the  probable 
boundaries  of  the  Blimtic  formation  in  the  British  area.  In  several 
places  we  find  evidences  of  old  coast  margins,'  and  it  remains  to  be  seen 
whether  possibly  some  of  the  Dolomitic  Conglomerates  and  breccias 
of  the  Mendips,  instead  of  all  being  regarded  as  beach  deposits  of 
the  Eeuper  period,  may  not  be  regarded  as  of  newer  date.*  De  la 
Beche  ^  remarks  that ''  in  some  localities  we  scarcely  know  where  to 
draw  the  line  between  the  Dolomitic  and  Lias  Conglomerates^"  which 
\b  accounted  for  by  a  continuation  of  ''  the  same  general  physical 
causes  for  the  production,  accumulation,  and  consolidation  of  the 
gravel  and  fragments." 

That  so  distinctive  a  name  as  Bhsetic  be  given  to  these  beds,  and 
that  they  should  be  mapped  separately,  are  points  which  are  not 
seriously  affected  by  our  opinions  as  to  their  relations.  They  may 
be  conveniently  regarded  as  a  stage  connecting  the  Eeuper  forma- 
tion with  the  Lias,  and  belonging  as  much  to  the  one  as  to  the  other, 
— a  stage  in  the  history  of  the  area  under  consideration  which,  com- 
mencing with  the  conglomerates,  sandstones,  and  marls  of  the  Eeuper 

1  Obserrations  on  the  Earths,  Bocks,  Stones,  and  Minerals  about  Bristol,  etc., 
1754,  p.  163. 

>  Quart.  Joum.  Oeol.  Soo.,  vol.  xxTii.,  p.  189.  See  also  Memoir  of  Edward 
Forbes,  by  Wilson  and  Geikie,  p.  418. 

'  At  Nempnct,  near  Chew  Stoke,  I  mapped,  in  1867,  some  beds  of  Conglomerate 
as  of  Rhsetic  age.— H.  B.W. 

«  The  idea  was  first  suggested  to  us  in  1868  \xj  Mr.  Gibbs,  late  of  the  Geological 
Sonrej.  It  is  also  held  by  Mr.  Moore,  in  his  paper  on  the  Geology  of  the 
Mendips,  Proc.  Somerset  Arch,  and  Nat.  Hist  Soc,  yol.  xy. 

s  Hem.  GeoL  Burvejr,  roL  L,  p,  272, 
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period,  continued  unintermptedly  into  the  Liassic  and  Oolitic  stages. 
The  Bhsetio  beds  may  therefore  be  regarded  as  equal  in  importanoe, 
geologically  speaking,  as  any  of  the  three  divisions  of  the  Lias  or  of 
&e  subdivisions  of  the  Oolites.  Economically,  the  mapping  of  these 
beds  has  the  same  value.     They  seldom  occupy  a  large  superficiil 
area  at  their  outcrop,  as  they  are  generally  exposed  on  the  slopes  of 
Liassic  escarpments,  the  New  Bed  Marl  appearing  along  the  base, 
and  its  junction  with  the  grey  marls  of  the  Bhadtic  series  being 
often  plainly  seen  at  long  distances.     Their  agricultural  character 
is,  therefore,  more  or  less  peculiar,  and  whilst  the  Bed  Marl  is 
dug  for  manure,  the  White  Lias  is  largely  used  in  the  construction 
of  walls,  and  for  road-mending;  whilst  the  Lower  Lias  limestones 
are  used  for  building  and  paving  purposes,  and  are  extensively  burnt 
for  lime. 

As  Mr.  Etheridgo  has  remarked,^  if  our  views  were  based  upon 
purely  stratigraphical  and  petrological  conditions,  we  should  assign 
no  independent  position  to  the  BhsBtic  beds,  for  they  indicate  a 
gradual  change  of  physical  conditions,  necessarily  marked  by 
palaBontological  differences. 

Finding,  as  we  do  at  Queen  Camel,  in  the  sections  near  Watchet 
and  other  places  in  Somersetshire,  such  a  complete  passage  between 
the  Keuper  and  Liassic  beds,  with  about  100  feet  for  the  thickness 
of  the  intervening  BhaBtic  series,  we  cannot  say  that  in  them  we 
have  a  complete  representation  of  all  the  beds  of  the  great  Bhcetic 
formation  of  South  Euix)pe.  In  diflferent  areas  the  changes  would 
not  be  contemporaneous,  and  even  in  the  British  area  we  should  not 
be  surprised  to  find  that  BhsBtic  conditions  prevailed  longer  in  one 
part  than  another. 

In  conclusion,  we  may  mention  that  our  object  has  been  to  discuss 
certain  local  features  connected  with  the  relations  of  the  Bhsetic 
beds,  to  show  that  we  have  no  evidences  of  any  unconformability  in 
Somersetshire,  and  that  such  observations  agree  with  the  opinion 
which  is  rapidly  gaining  ground,  that  in  them  we  have  true  passage- 
beds  between  the  Lower  Lias  and  Keuper  formations,  graduating 
more  or  less  imperceptibly  from  the  one  into  the  other,  the  lowest 
members  being  more  nearly  allied  lithologically  and  palaeonto- 
logically  to  the  Keuper,  the  upper  members  being  simihurly  allied 
to  the  Lower  Lias.  Thus  the  Ehaetic  beds  form  a  connecting  link 
between  the  "  Oolitic  or  Jurassic,"  and  the  "  New  Bed  Sandstone  or 
Triassic"  systems.* 

>  Proc.  Cottegwold  Nat.  Field  Club  for  1864,  rol.  iii.,  p.  220. 

^  I  would  urge  that  a  uniform  system  be  adopted  in  our  classification  of  strata. 
By  placing  the  Khaitic  beds  as  a  separate  period,  we  give  the  beds  an  importanoe 
which  they  certainly  do  not  possess  in  this  country ;  and  therefore  it  seems  better  to 
include  them  in  the  Trias,  mainly  as  a  matter  of  conyenienoe,  as  such  an  arrangement 
is  now  adopted  by  the  highest  authorities.  Vide  Jukes  and  Geikie,  Manual  of  Glology. 
Account  01  Rheetic  Beds,  p.  613.  by  H.  W.  Bristow.  Hull,  Memoir  on  the  Triassic 
and  Permian  Bocks  of  the  Midland  Counties  of  England.  Phillips,  Greology  of 
Oxford  and  the  Valley  of  the  Thames,  p.  101.— II.  B.  W. 
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nL — ^NOTSS  OH   THC   GkOLOGY  of  PbIKOS  EDWikBD  ISLAVD,  IH  THC 

Gulf  of  St.  Lawbbhob. 

By  J.  W.  Dawbon,  LL.D.,  F.R.S.,  Principal  of  McGill's  College,  Montreal. 

fllEQi  writer  had  the  opportunity  last  summer,  with  Dr.  B.  J. 
X  Harrington  as  assistant,  to  re-examine  the  rock  formations  of 
Prince  Edward  Island,  of  which  a  notice  was  given  in  the  second 
edition  of  his  ''Acadian  Geology."  The  report  of  our  reconnaissance, 
which  has  been  published  by  the  local  government,  with  a  map, 
sections,  and  figures  of  fossils,  may  be  referred  to  for  details ;  but  I 
propose  in  this  paper  to  notice  a  few  points  of  general  scientific 
interest  not  dwelt  on  in  the  report. 

Prince  Edward  Island  is  crescentic  in  form,  about  100  miles  in 
length,  and  lies  in  the  almost  semi-circular  bend  formed  by  the 
sonthem  shore  of  the  gulf  of  St  Lawrence.  It  is  one  of  the  most 
populous  and  best  cultivated  portions  of  British  America.  Its  sur- 
face, though  low,  is  undulating  and  agreeably  diversified  with  farm 
and  forest,  and  beautiful  arms  of  the  sea.  Its  climate  is  compara- 
tiv^y  mild  and  insular,  and  its  soil  of  excellent  quality ;  while  the 
marly  beds  of  decomposing  oyster  and  mussel  shells  in  its  bays  and 
creeks  afford  an  apparently  inexhaustible  means  of  restoring  the 
productiveness  of  the  fields. 

The  prevailing  formation  is  the  Trias,  which  here,  as  in  Nova 
Sootia  and  in  Connecticut,  is  represented  principally  by  bright  red 
sandstone,  sometimes  mottled  with  white,  and  associated  with  oc- 
casional beds  of  grey  and  white  sandstone.  Subordinate  to  these 
sandstones  are  beds  of  red  and  mottled  clay,  of  reddish  concretionary 
and  conglomerate  limestone,  sometimes  dolomitic,  and  of  reddish 
conglomerate  with  quartz  pebbles  and  arenaceous  cement  These 
beds  undulate  in  low  synclinals  and  anticlinals,  having  in  general 
a  north-east  and  south-west  direction,  and  rise  in  some  places  to  an 
elevation  of  400  feet  above  the  sea.  They  are  probably  about  500 
feet  in  vertical  thickness.  The  lower  half  of  this  thickness,  which 
contains  the  limestone  beds  and  also  certain  hard  beds  of  conglomerate 
and  concretionary  calcareous  sandstone,  may  be  regarded  as  an 
equivalent  of  the  Bunter  sandstone ;  while  the  upper  portion,  con- 
sisting principally  of  soft  red  sandstone,  with  some  beds  of  fine- 
grained conglomerate,  may  be  regarded  as  corresponding  to  the 
Keuper. 

In  the  little  isolated  spot  named  Hog  or  Qeorge  Island,  there 
occurs  a  limited  mass  of  doleritic  trap.  It  includes  both  the  compact 
and  vesicular  variety,  and  the  latter  has  its  cavities  filled  with  a 
white  mineral,  which  Dr.  Harrington  ascertained  to  be  Saponite. 
This  trap,  which  was  first  noticed  by  Dr.  Q^sner  in  1847,  appears  to 
be  contemporaneous  with  the  red  sandstone,  and  is  similar  to  that 
which  occurs  on  a  much  larger  scale  in  connexion  with  the  Triassic 
sandstones  of  Nova  Scotia  and  Connecticut 

The  Triassic  beds  have  afforded  no  distinct  marine  fossils,  but  in 
the  lower  beds  some  vegetable  remains  occur.  One  of  these  is  a 
small  cycadean  stem  preBented  to  me  by  Mr.  J.  ^«T«i^\ot,'&.Q(.%-i 
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and  which  I  have  described  and  %ared  as  Cyeadoidea  /  JfanieOia) 
AheqvideMiB,  the  specific  name  being  taken  from  the  old  Micmac 
appellation  of  Prince  Edward  Island — Ahequid,  "  Lyine  in  the  water/' 
Fragments  were  also  found  of  coniferous  wood  belonging  to  a  speciei 
of  Dadoxylon  (ArancaroQcylon)  allied  to  D.  Jrev|>ertanii4ii  of  Europe^ 
and  which  I  have  named  D,  Edvardianttm,  llie  specimens  of  ^ 
tree,  which  were  found  by  Dr.  Harrington,  had  all  been  bored  widi 
minute  cylindrical  holes,  similar  to  those  now  made  by  the  crustaoem 
lAmnoria  terebrans.  These  holes  being  filled  with  clear  caldts, 
while  the  wood  is  of  a  reddish  colour,  give  the  trunks  and  brsnchei 
the  aspect  at  first  sight  of  endogenous  stems.  Branches  having  the 
aspect  of  £narrta  were  also  found,  and  obscure  Stemherffim  "fiihi; 
and  in  some  of  the  beds  there  are  numerous  cylindrical  bodies  of 
various  sizes,  perhaps  stems  of  fucoids.  These  Triassio  beds  hate 
also  afforded  the  jaw  of  the  lemarkable  reptile  described  by  Br. 
Leidy  under  the  name  of  Bathygnathus  horealis,  and  which  aeems  to 
have  been  a  Dinosaur,  probably  allied  to  those  which  have  left  the 
gigantic  trifid  tracks  on  the  red  sandstone  of  Connecticut.  We  w&re 
not  so  fortunate  as  to  find  any  additional  remains  of  this  creature. 

The  views  which  I  stated  in  1848,  in  the  Journal  of  the  Geological 
Society,  as  to  the  chemical  nature  and  origin  of  the  Triassio  red  sand- 
stones of  Nova  Scotia,  appear  to  be  perfectly  applicable  to  those  of 
Prince  Edward  Island.*  They  appear  to  have  been  deposited  in  a 
shallow  sea  area,  not  improbably  coincident  with  the  Southern  Bay 
of  the  Gulf  of  St  Lawrence,  limited  to  the  north  by  the  Magdalen 
Islands  and  the  banks  in  their  vicinity,  which  represent  an  old 
Lower  Carboniferous  outcrop.  Their  materials  were  derived  from 
the  waste  of  red  sandstones  and  marls  of  the  Carboniferous,  and 
have  been  thrown  down  with  sufficient  rapidity  to  prevent  the  coat- 
ing of  red  oxide  of  iron  from  being  removed  by  abrasion  or  by  the 
chemical  action  of  organic  matter.  The  dolomitic  character  of  some 
of  the  coarse  limestones  may  either  indicate  the  occurrence  of  occa- 
sional isolated  basins  and  depositions  of  magnesia  from  sea-water,'  or 
may  have  been  connected  with  the  outburst  of  igneous  matter  rich  in 
magnesia,  like  the  dolerite  of  Hog  Island,  near  to  which  place  Hhe 
beds  richest  in  magnesia  were  observed. 

On  the  West  coast  of  Prince  Edward  Island,  and  at  Gallas  Point 
and  Governor's  Island  in  Hillsborough  Bay,  the  beds  of  the  Upper 
Coal-formation  appear  rising  in  low  anticlinals  from  beneath  the  Trias. 
As  on  the  neighbouring  coast  of  Nova  Scotia,  these  beds  scarcely 
differ  in  mineral  character  from  those  of  the  Trias,  except  in  the 
somewhat  darker  colour  of  the  red  sandstones,  and  the  greater  fre- 
quency of  shales,  grey  sandstones,  and  concretionary  limestones. 
Their  fossils  indicate  the  highest  zones  of  the  Carboniferous  next  to 
the  Permian,  corresponding  to  the  "  Annularia  "  and  "  Fern  "  zones 
of  Geinitz  in  Germany.  The  dips  of  these  Carboniferous  beds  are 
not  appreciably  greater  than  those  of  the  Trias  resting  on  them,  so 
that  we  have  here  the  interesting  fact  of  the  conformable  super- 

>  See  also  Acadian  Geology,  pp.  24  and  623. 
^  As  explained  by  Dr,  Bterrj  Hnnt. 
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pontion  of  the  Carboniferons  on  the  Trias  withoat  the  intervention 
of  the  Permian.  This  is  the  more  remarkable,  as  in  Nova  Sootia  the 
TManio  beds  nsoally  rest  nnoonformablj  upon  disturbed  Carbonifer- 
ous rocks.  The  anticlinals  of  the  coal-fields  of  Nova  Sootia  and 
New  Brunswick,  however,  flatten  out  very  much  towards  the  coast, 
and  retaining  the  same  attitude  under  Northumberland  Strait,  they 
present  very  gentle  inclinations  under  Prinoe  Edward  Island. 
Henoe  only  the  higher  beds  of  the  Newer  Coal-formation  are  seen, 
and  the  Permian  age  having  no  representative,  fossils  alone  indicate 
the  distinction  of  the  Carboniferous  and  Triassic  formations.  The 
beds  seen  in  Prinoe  Edward  Island  thus  represent  only  a  small 
portion  of  the  upper  part  of  the  Newer  Coal-formation.  They  con- 
tain no  beds  of  coal,  though  trunks  of  carbonized  trees  appear  in  the 
sandstones  at  Qcdlas  Point;  and  judging  from  the  arrangement 
observed  in  Nova  Sootia,  the  upper  coal-seams  may  be  at  a  depth  of 
from  500  to  2000  feet.  These  coal-beds  nevertheless  underlie  the 
whole  of  Prince  Edward  Island,  and  may  some  day  be  reached. 

The  most  abundant  fossil  in  the  Newer  Coal-formation  of  Prince 
Bdward  Island  is  a  coniferous  tree  of  the  genus  Dadoxylon  (Arau- 
earaxiflou),  and  which  I  identify  with  my  species  2>.  materiarium,  which 
m  extremely  abundant  in  the  upper  scmdstones  of  the  Coal-formation 
of  Nova  Scotia.  These  trees  are  mostly  silioified,  but  specimens 
also  occur  mineralized  by  carbonate  of  Ume  and  per-ozide  of  iron, 
and  in  a  carbonized  condition.  The  cracks  formed  by  decay  in  the 
silicified  specimens  are  often  filled  with  a  red  variety  of  sulphate  of 
barium.  In  Nova  Sootia  a  Walchia  or  Araucarites  (A,  gracil%»)  pro- 
hably  represents  the  foliage  of  this  tree,  and  the  same- species  occurs 
with  it  in  Prince  Edward  Island,  and  also  a  second  species  of  the 
same  genus.  These  Walohias  may  be  regarded  as  Permian  in 
aspect ;  but  it  must  be  remembered  that  there  is  every  reason  to 
believe  that  the  genus  Walchia  includes  leafy  branches  of  Dadoxylon: 
and  the  circumstance  that  in  Europe  the  trunks  are  more  character- 
istic of  the  upper  coal-formation  and  the  branches  of  the  Permian  is 
merely  an  accident  of  preservation. 

The  other  fossils  found  in  these  beds  are  the  following.  Those 
marked  with  asterisks  occur  also  in  the  upper  coal-formation  of  Nova 
Scotia : — 


*F§copterit  arboreteenSf  Soblot. 

*F.  rigida^  Dawson. 

•P.  oreopteroidei  ?  Brongt. 

P.  (allied  to  F.  Ooepperti,  Brongt.) 

* AUthopterU  nervoaay  Brongt. 

A.  mastiUoniSf  Lesqux. 

^Xeuropttrii  rariMrvis^  Bunbury. 


*  CordaiUt  timplex,  Dawson. 

^Calamites  Suekoviif  Brongt. 

♦C.  Sistii,  Brongt. 

C  pigaSf  Brongt. 

C,  arenacem  ?    Jaeger. 

Triffonocarpum,  sp. 


This  may  be  regarded  as  on  the  whole  an  assemblage  characteristic 
of  the  newest  beds  of  the  Upper  Coal-formation.  Several  of  the 
species  are  in  Europe  common  to  the  Carboniferous  and  Permian ; 
but  none  of  them  are  exclusively  Permian.  The  beds  containing 
such  fossils  constitute  the  newest  members  of  the  Carboniferous  both 
in  Nova  Scotia  and  in  Europe. 

The  super&dal  depoaita  of  Prince   Edward  IslaxidL  coh^kibN.  ^i 
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Boulder-olay,  stratified  sand  and  gravel,  and  loose  travelled  bonlden. 
The  prevalent  Post-pliocene  deposit  is  a  Boulder-day,  or  in  some 
places  boulder-loam,  composed  of  red  sand  and  clay  derived  from 
the  waste  of  the  red  sandstone.  This  is  filled  with  boulders  of  red 
sandstone  derived  from  the  harder  beds.  They  are  more  or  less 
rounded,  often  glaciated,  with  strin  in  the  direction  of  their  longer 
axis,  and  sometimes  polished  in  a  remarkable  manner,  when  the  soft- 
ness and  coarse  character  of  the  rock  are  considered.  This  polishing 
must  have  been  effected  by  rubbing  with  the  sand  and  loam  in 
which  they  are  embedded.  These  boulders  are  not  usually  laige, 
though  some  were  seen  as  much  as  five  feet  in  length.  The  bouldm 
in  this  deposit  are  almost  universally  of  the  native  rock,  and  most 
have  been  produced  by  the  grinding  of  ioe  on  the  outcrops  of  the 
harder  beds.  In  the  eastern  and  middle  portion  of  the  Island  only 
these  native  rocks  were  seen  in  the  clay,  with  the  exception  of 
pebbles  of  quartzite  which  may  have  been  derived  from  the  TriaBsio 
conglomerates.  At  Campbellton,  in  the  western  part  of  the  Island, 
I  observed  a  bed  of  Boulder-clay  filled  with  boulders  of  metamorphio 
rocks  similar  to  those  of  the  mainland  of  New  Brunswick. 

StriflB  were  seen  only  in  one  place  on  the  North-eastern  coast  and 
at  another  on  the  Sou tii- western.  In  the  former  case  their  direction 
was  nearly  S.W.  and  N.E.     In  the  latter  it  was  S.  IQP  E. 

No  marine  remains  were  observed  in  the  Boulder-clay ;  but  at 
Campbellton,  above  the  Boulder-clay  already  mentioned,  there  is  a 
limited  area  occupied  with  beds  of  stratified  sand  and  gravel,  at  an 
elevation  of  about  fifty  feet  above  the  sea,  and  in  one  of  the  beds 
there  are  shells  of  Tellina  Graenlandica, 

On  the  surface  of  the  country,  more  especially  in  the  western  part 
of  the  island,  there  are  numerous  travelled  boulders,  sometimes  of 
considerable  size.  As  these  do  not  appear  in  situ  in  the  Boulder- 
clay,  they  may  be  supposed  to  belong  to  a  second  or  newer  boulder- 
drift  similar  to  that  which  we  shall  find  to  be  connected  with  the 
Saxicava  sand  in  Canada.  These  boulders  being  of  rocks  foreign  to 
Prince  Edward  Island,  the  question  of  their  source  becomes  an  in- 
teresting one.  With  reference  to  this,  it  may  be  stated  in  general 
terms,  that  the  majority  are  Granite,  Syenite,  Diorite,  Felsite, 
Porphyry,  Quartzite  and  coarse  slates,  all  identical  in  mineral  cha- 
racter with  those  which  occur  in  the  metamorphio  districts  of  Nova 
Scotia  and  New  Brunswick,  at  distances  of  from  50  to  200  miles  to 
the  South  and  South-west;  though  some  of  them  may  have  been 
derived  from  Cape  Breton  on  the  East  It  is  further  to  be  observed 
that  these  boulders  are  most  abundant  and  the  evidences  of  denuda- 
tion of  the  Trias  greatest  in  that  part  of  the  Island  which  is  opposite 
the  deep  break  between  the  hills  of  Nova  Scotia  and  New  Bruns- 
wick, occupied  by  the  Bay  of  Fundy,  Chiegnecto  Bay  and  the  low 
country  extending  thence  to  Northumberland  Strait,  an  evidence 
that'  this  bouldet-drift  was  connected  with  currents  of  water  passing 
up  this  depression  from  the  South  or  South-west. 

Besides  these  boulders,  however,  there  are  others  of  a  different 
Jter;  auob  as  Gneiss,  Hornblende  Qc\i\&t>  knoTtkodte  and  La- 
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bndorite  rock,  whibh  most  have  been  derived  from  the  Laurentian 
tonkm  of  Labrador  and  Canada,  distant  250  miles  or  more  to  the 
Noirthward.  These  Laurentian  rocks  are  chiefly  found  on  the  North 
nde  of  the  island,  as  if  at  the  time  of  their  arrival  the  island 
fosmed  a  shoal,  at  the  North  side  of  which  the  ice  carrying  the 
boulders  grounded  and  melted  away.  With  reference  to  these 
boulders,  it  is  to  be  observed  that  a  depression  of  four  or  five 
hundred  feet  would  open  a  clear  passage  for  the  arctic  current 
entering  the  Straits  of  Belle  Isle  to  the  Bay  of  Fundy ;  and  that 
heavy  ioe  carried  by  this  current  would  then  ground  on  Prince 
Edward  Island,  or  be  carried  across  it  to  the  Southward.  If  the 
Lttorentian  boulders  came  in  this  way,  their  source  is  probably  400 
miles  distant  in  the  Strait  of  Belle  Isle.  On  the  North  shore  of 
Prinoe  Edward  Island,  except  where  occupied  by  sand  dunes,  the 
beach  shows  great  numbers  of  pebbles  and  small  boulders  of  Lau- 
rentian rocks.  These  are  said  by  the  inhabitants  to  be  cast  up  by 
the  sea  or  pushed  up  by  the  ice  in  spring.  Whether  they  are  now 
being  drifted  by  ice  direct  from  the  Labrador  coast,  or  are  old  drift 
being  washed  up  from  the  bottom  of  the  gulf,  which  north  of  the 
island  is  very  shallow,  does  not  appear.  They  are  all  much  rounded 
by  the  waves,  differing  in  this  respect  from  the  majority  of  the 
boulders  found  inland. 

The  older  Boulder-clay  of  Prince  Edward  Island,  with  native 
boulders,  must  have  been  produced  under  circumstances  of  powerful 
ice-action,  in  which  comparatively  little  transport  of  material  from 
a  distance  occurred.  If  we  attribute  this  to  a  glacier,  then  as  Prince 
Edward  Island  is  merely  a  slightly  raised  portion  of  the  bottom  of 
the  Oulf  of  St  Lawrence,  this  can  have  been  no  other  than  a 
gigantic  mass  of  ice  filling  the  whole  basin  of  the  gulf,  and  without 
any  slope  to  give  it  movement  except  toward  the  centre  of  this  great 
though  shallow  depression.  On  the  other  hand,  if  we  attribute  the 
Boulder-clay  to  floating  ice,  it  must  have  been  produced  at  a  time 
when  numerous  heavy  bergs  were  disengaged  from  what  of  Labrador 
was  above  water,  and  when  this  was  too  thoroughly  enveloped  in 
snow  and  ice  to  afford  many  travelled  stones.  Farther,  that  this 
Boulder-clay  is  a  submarine  and  not  a  subaerial  deposit,  seems  to  be 
rendered  probable  by  the  circumstance  that  many  of  the  boulders  of 
sandstone  are  so  soft  that  they  crumble  immediately  when  exposed 
to  the  weather  and  frost. 

The  travelled  boulders  lying  on  the  surface  of  the  Boulder-clay 
evidently  belong  to  a  later  period,  when  the  hills  of  Labrador  and 
Nova  Scotia  were  above  water,  though  lower  than  at  present,  and 
were  sufficiently  bare  to  furnish  large  supplies  of  stones  to  coast  ice 
carried  by  the  tidal  currents  sweeping  up  the  coast,  or  by  the  Arctic 
current  from  the  North,  and  deposited  on  the  surface  of  Prince 
Edward  Island,  then  a  shallow  sand-bank.  The  sands  with  sea- 
shells  probably  belonged  to  this  period,  or  perhaps  to  the  later  part 
of  it,  when  the  land  was  gradually  rising.  Prince  Edward  Island 
thus  appears  to  have  received  boulders  from  both  sides  of  the  ^If 
of  St.  Lawrence  during  the  later  Post-pliocene  "^eiivodL*,  "WV.  ^^ 
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greater  number  from  the  South  side,  peihape  because  nearer  to  it  It 
thus  furnishes  a  remarkable  illustration  of  the  transport  of  travelled 
stones  at  this  period  in  different  directions ;  and  in  the  oomparatiTS 
absence  of  travelled  stones  in  the  lower  Boulder-day,  it  furnishes  a 
similar  illustration  of  the  homogeneous  and  untravelled  character  of 
that  deposit,  in  circumstances  where  the  theory  of  floating  ice  servei 
to  aooount  for  it,  at  least  as  well  as  that  of  land-ice,  and  in  mj 
judgment  greatly  better. 

TTie  modem  deposits  observed  were  extensive  beds  of  Peat,  Oyster- 
beds,  or  '* mussel  mud,"  Dunes  or  sand-hills.  Shore  Bidges  or 
"  shooting-dykes." 

Of  the  Peat  deposits  examined,  the  most  important  was  that  of 
<<  Black  bank  "  in  Cascumpec  Bay,  which  is  reported  by  Dr.  Harring- 
'  ton  as  having  an  area  of  nearly  three  millions  of  square  yards,  and 
an  average  depth  of  fifteen  feet  It  presents  a  steep  front  to  the 
bay,  the  waters  of  which  are  now  giadually  removing  it;  and  a 
little  below  low-water  mark  it  has  a  layer  of  roots  of  trees  which 
indicate  a  forest  surface  now  under  the  level  of  the  sea.  Similar 
evidences  of  modem  subsidence  were  observed  in  other  places.  At 
Gallas  Point,  for  example,  there  is  a  layer  of  stumps  five  feet  below 
high-water  mark. 

The  common  American  oyster,  Osirea  Virginiana  and  var,  BoreoMi, 
occurs  abundantly  on  the  coast,  and  large  accumulations  of  its  shells 
with  those  of  the  mussel,  MytUua  edtdis,  have  been  formed  in  some 
of  the  bays  and  river  estuaries.  I  was  informed  by  Mr.  W.  H. 
Pope,  who  has  given  much  attention  to  this  subject  that  some  of 
these  beds  are  fifteen  feet  or  more  in  thickness.  They  consist  of 
dead  shells,  and  in  many  places  no  living  shells  occur  even  at  the 
surface,  the  animals  having  been  killed  by  the  gradual  approach  of 
the  beds  to  the  surface  of  the  water,  exposing  them  to  the  action  of 
the  frost  and  ice  and  to  invasion  of  sandy  sediment  These  beds  of 
dead  oyster  and  mussel  shells,  with  the  mud  filling  the  interstices, 
constitute  one  of  the  most  valuable  deposits  on  the  Island.  Under 
the  name  of  '*  Mussel  Mud,"  this  material  is  taken  up  in  great 
quantity  by  ingenious  dredging  machines,  worked  from  rafts  in 
summer  or  from  the  ice  in  winter,  and  is  applied  as  a  manure  to  the 
soil  with  the  most  excellent  effects.  It  supplies  lime  and  organic 
matter,  besides  small  quantities  of  phosphates  and  alkalies. 

The  shells  in  these  old  beds  are  all  of  the  long  narrow  form  (0. 
Virginiana),  and  Mr.  Pope  informs  me  the  round  form  (0.  boreaUi) 
occurs  at  the  surface  in  many  places  where  the  long  narrow  form  is 
found  only  a  few  inches  below.  It  also  appears  that  the  modem 
oysters  procured  in  the  upper  parts  of  the  rivers  and  on  muddy 
bottom  tend  to  the  long  form,  while  those  in  more  salt  water  and  on 
hard  bottom  are  round. 

"  Dunes,"  or  mounds  of  drifted  sand,  are  extensively  developed 

along  the  outer  or  north-west  shore,  where  they  extend  in  long  Imes 

across  the  bays  and  parallel  to  the  coast    In  all  they  extend  in  length 

about  45  miles,  and  are  sometimes  more  than  40  feet  high.     Though 

UBually  held  together  by  the  roots  oi  co8iX^^  ^t^^s^^  tkey  are  liaUe 
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:o  frequent  changes,  whioh  are  much  promoted  by  the  cropping  of 
the  grass  by  the  cattle  or  by  any  artificial  or  accidental  breaking  of 
the  surface.  At  St.  Peter's  I  saw  an  old  entrance  used  in  the  early 
French  times  quite  fUled  up  with  the  blown  sand ;  and  I  was  told 
that  a  hill  40  feet  high  had  been  remoyed  within  a  few  years,  and 
bad  disclosed  the  remains  of  an  old  blacksmith's  forge  under  its  base. 
Hie  sand  in  these  hills  is  derived  from  the  waste  of  the  red  sand- 
stones ;  and,  when  left  dry  by  the  tide,  is  blown  up  by  the  wind. 
The  attrition  to  which  it  has  been  subjected  has  removed  the  coating 
of  red  oxide  of  iron  from  the  siliceous  grains  of  sand,  so  that,  though 
derived  from  red  rocks,  these  sands  are  nearly  white.  Where  the 
sand-hills  run  along  the  coast,  a  long  narrow  channel  often  occurs 
between  them  and  the  shore,  and  they  often  block  up  streams, 
forming  lagoons,  in  which  deposits  very  different  from  those  of  the 
open  gulf  are  produced. 

Mr.  Pope  kindly  pointed  out  to  us  on  a  creek  near  Qrand  Biver, 
and  on  Ives  Creek,  the  mounds  known  locally  as  "  shooting-dykes," 
in  allusion  to  their  use  by  sportsmen  as  a  shelter  in  duck-shooting. 
These  are  somewhat  regular  banks  or  dykes  of  soil  fringing  the 
creeks,  and  having  almost  the  appearance  of  artificial  earth- works, 
which  they  have  indeed  been  supposed  to  be.  Some  of  them  are  six 
feet  in  height  and  ten  feet  wide  at  base.  I  believe  them  to  be  of  the 
same  nature  with  the  Lake  Eidges  of  Nova  Scotia  described  in  my 
Acadian  Greology,*  and  that  they  have  been  produced  by  the  expansion 
or  driftage  of  the  ice,  which  forms  in  the  creeks  in  winter.  They 
constitute  a  sort  of  **  Moraine  "  deposit,  which,  on  a  larger  scale  and 
in  a  more  hilly  country,  might  readily  be  mistaken  for  the  work  of 
glaciers.  Those  that  we  saw  were  entirely  composed  of  soil  inter- 
mixed with  vegetable  matter.  Some  of  them  showed  evidence  of 
formation  by  successive  increments  of  material.  Their  steepest  sides 
were  next  the  land,  and  they  were  highest  opposite  the  most  exposed 
and  widest  portions  of  the  creeks. 


TV. — The  Succession  of  the  Gbags. 
By  Alfbid  Bbll. 

ALL  geologists,  especially  those  who,  like  myself,  are  interested 
in  the  study  of  the  Upper  Tertiaries,  are  indebted  to  Mr. 
Prestwich  for  the  valuable  memoir  upon  "The  Structure  of  the  Crag- 
beds  of  Suffolk  and  Norfolk."  *  As  the  views  propounded  therein 
are  somewhat  novel,  I  purpose  examining  some  of  the  points  brought 
forward  in  their  support 

The  presence  of  Diestien  fossils  in  the  Suffolk  Crag,  and  the 
cause  of  their  being  there,  appears  to  me  to  be  susceptible  of  a 
simpler  explanation  than  has  been  given.  Mr.  Lankester  considers 
them  to  be  the  remains  of  an  older  formation,  which  was  broken  up 
by  the  Crag  Sea.  This  ^vill  not  account  for  all  the  phenomena 
noticed,  and  I  shall  venture  upon  a  few  words  concerning  the  older 
Pliocene  deposits.     Between  the  Falunian   (Upper   M\ot^i[iei^  ^\A 

»  Page  35,  '  Quarterlj  Journal  GeoL  Soc.  London,  \%10  wv^  \VIV. 

VOL.  ix.^NO.  xcr,  W 
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Plaisancien  and  Astien  (Lower?  Pliooene)  stages,  the  progress  of 
geological  science  demands  the  intercalation  of  other  groups.  Piof. 
Sequcnza  has  described  an  extensive  deposit  in  Sioily  and  8.  Italy, 
intervening  between  these  two  stages,  termed  by  hm  "  Zandsanft" 
With  this  stage  may  be  correlated  the  following  deposits,  •.€., — tfe 
Mame  Yaticano  near  Rome,  tiie  Lower  Yal  d*Amo  near  FknrsMe^ 
Montpellier  in  France,  on  both  banks  of  the  Tagos  near  Lisbtn, 
in  Andalusia  and  Catalonia  (?)  in  Spain,  at  Salles  in  the  QiroDde^  , 
the  Bolderberg  Hill  in  Belgium,  and  probably  some  of  the  flolsteia 
and  North  German  beds.  Tliese  beds  appear  to  be  the  eldest  Pliooene 
deposits  of  Western  Europe. 

Succeedmg  these,  occur  the  horizons  to  which  appertains  the  sab- 
Appenines  of  Italy,  Sicily,  Dauphiny,  and  Provence  (both  marine 
and  freshwater),  the  blue  marly  clays  of  Malaga,^  the  so-oaOed 
Crag  of  Normandy,  the  Sables  noirs  of  Belgium  and  Ouelderland  in 
Holland,  and  probably  the  ferruginous  ironsand  extending  at  in- 
tervals for  nearly  200  miles  from  the  hills  near  Dorking,  in  Surrey, 
through  N.E.  France  and  Belgium  to  Holland. 

Favoured  by  Sir  Charles  Lyell,  I  am  able  to  supply  a  geologiotl 
want,  t.6.  the  list  of  species  collected  by  him  in  the  libresaid  Norman 
Crags.  Comparison  will  show  that  liiey  belong  to  an  older  stage 
than  any  of  the  English  Crags. 

Antarte  Omalii  ^Oerithmm^  sp. 

^Cytherea,  sp.  ♦-EWmjmi 
Kellia  ambigua  f  Murex  exettlpta 

*  Leda  pella  Natiea  proxima 
Zucina  horealia  „       hemielauM 
Mactra  subtruneata  ,,       helicinm 
Nucula  nueltus  *    ,,       2  sp. 

„       laviffataf  Nuua  pritmutica 

Ottrta  edulit  „      reiieota 

Fecteti  opercularU  „      grancUina 

•  „      Philippii  ♦    „      gibboMula 
Solen  *Faiflla,  ip. 
Thracia  pubescefi*  tRissoa 

♦  Venericardia  (Jouatmetti  ?J  Troehua  bullatui 
Calyptrea  chinentis  ,,        zmiphynut 

♦  CrepiduJa  gibbosa  ♦  Turbo  exarata 
Ccrithium   (ncinetum  Valuta  Lamberti 

In  addition  to  these,  M.  Hebert  gives  Axtnus  fiexuosvs,  AstarU 
mutahilis,  Corhula  gihha,  Mactra  arcuata,  ^Crepidula  unguiformis, 
^  Chemnitzia  gracilis  (Btoc),  Natica  millepunctata,  ^TurriteUa  vermi' 
cularisy  and  Nassa  propinqua.  These  are  all  that  are  known  from 
the  Norman  Crags.  15  out  of  the  44  (thus  marked  *)  being  absent 
from  the  English  Crags. 

The  irousands  are  generally  unfossiliferous ;  this,  I  presume,  is 
owing  more  to  their  physical  composition  than  to  original  poverty  of 
life,  as  from  the  box -stones  and  the  Lenham  sands  I  possess  a  list 
of  86  forms  referable  to  67  genera,  indicating  a  richer  fauna  than 
is  generally  supposed. 

H alloy  has  provided  for  these  sands,  by  supposing  them  rather 

^  See  the  interesting  scries,  collectfed  by  Mr.  H.  Woodward  at  the  Tejares,  Malaga, 
in  1860,  preserved  in  the  Brituh  MuMum. 
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to  hft^o  been  cgected  from  a  snbmaiine  cleft  opening  between  Calais 
and  Dieat,  than  to  be  an  ordinary  marine  operation.  He,  however, 
Mpaoially  noCioes  tlie  tendency  which  the  glauconitic  grains  have  to 
fom  nodular  oonoretions. 

The  richly  fossiliferous  Mack  sands  of  Belgium  and  Holland  rest 
1^011  the  Lower  Miocenes,  at  but  a  slight  elevation  (if  any)  above 
the  sea-level;  the  ironsands,  on  the  contrary,  are  never  less  than 
180  feet  above  it. 

Now,  assuming  that  the  ironsands  represent  the  in-shore  and 
shallower  waters  of  the  Diestien  sea,  the  black  sands  would  also 
rspreeent  the  deeper.  It  is  then  obvious  that  when  the  elevation  of 
the  Wealden  dome  exposed  the  upper  sands  to  the  action  of  the 
omrenta  flowing  from  Normandy  to  the  North  Sea,  the  easily 
decomposed  sandstone  would  be  destroyed,  whilst  the  harder 
nodoles  would  be  carried  over  the  sea-bottom.^  When  in  process  of 
time,  the  lower  black  sands  were  brought  into  the  same  range  of 
action,  they  would  be  likewise  denuded,  and  their  MoUuscan  contents 
removed,  and  carried  with  the  nodules  into  the  later  Bed  Crag  sea. 
I  can  find  no  easier  hypothesis  to  account  for  the  presence  of  so 
many  Black  sand  shells  in  the  Red  Crag  and  not  in  the  Coralline.' 

Which  of  the  50  or  60  Cetacea  are  proper  to  the  black  sands,  is 
uncertain,  and  the  same  with  the  Mammalia;  but  from  present 
evidence,  they  are  quite  as  likely  to  be  of  the  age  of  the  deposits 
they  occur  in  as  not. 

Before  passing  to  Mr.  Prestwich's  memoir,  I  may  remark,  that  as 
the  Belgian  "  Sables  gris"  contain  shells,  which  in  England  do  not 
occur  in  the  Coralline  Crag  but  only  in  the  Bed  Crag,  the  presumption 
is,  that  they  are  either  immediately  posterior  in  date  to  the  Coralline 
Crag,  or  belong  to  its  latest  development.  Amongst  these  are 
Melampus  pyramidalis,  Fmns  elegans,  F,  antiquus,  lAttorina  svbapertay 
Cardium  Parkinsonif  TeUina  lata,  etc.  M.  Nyst  informed  me,  when 
looking  over  his  collection  at  Brussels,  that  he  then  considered  the 
Sables  Jaunatres  to  be  of  the  same  age  as  the  Sables  gris.  The  fauna 
is  almost  the  same,  and  is  exactly  that  of  the  English  Middle  (or  Bed) 
Crag.  The  Upi)er  Crag  (of  A.  and  B.  Bell)  does  not  obtain  in  Belgium, 
bat  appears  near  Dordrecht,  in  Holland,  as  there  we  meet  Nucula 
CobboldioBj  Leda  limntnla,  and  others. 

The.  sum  of  Mr.  Prestwich's  argument  seems  to  be  as  follows. 
That  the  whole  series  of  English  Crags  are  divisible  into  two — the 
Coralline  and  the  Bed  Crags ;  the  latter  being  again  divided  into  two 
divisions,  the  lower  comprehending  all  the  beds  hitherto  denominated 
Bed  and  Norwich  Crag,  the  upper  tlie  Chi  1  leaf ord  sands  and  clays 
covering  the  whole.  Coralline  Crag  included.^ 

*  That  is  the  Coralline  Cra^  Bea. 

*  Six  or  eight  PUwotomas^  including,  F.  turrieula,  Broc,  P.  intorta,  a  large  Mitra^ 
toe  or  two  Yolutca,  a  Qusis,  Ranella  angliea^  Murex  exculpta.  Nmsa  eonfftobata  (?), 
TeUina  BenedetUi,  etc.,  perhaps  twenty  in  all.  Also  Solcnustrea  IWsticichiif  and  a 
tolerably  coramon  FlaMlum  \?  n.so.). 

*  The  division  into  zones  of  the  Coralline  Crag  is  of  much  value,  but  from,  m'^  qntc^ 
investigation,  1  think  some  of  tho  zones,  considered  as  sep.irato,  revAV^  ux^  ^\»ii<swct^\i\» 
with  each  other.     Thus  at  the  Oomer  Pit,  I  found  the  zone  /  \uc\\xvVeOL  xVe  ^v\«k^  q>1 

Mone  d,  tbe  iMTger  skellB  immediately  uuderljing  the  zone  coutaming  lYi^  ^m«^t. 
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This  statement  is  supported  by  the  "  abseaoe  of  any  definite  order 
of  succession  in  the  various  beds  of  the  lower"  diyision  of  the  Bed 
Crag,  and  the  absence  of  any  ''  distinction  in  the  oigaoie  renuint 
from  the  base  of  the  Red  Crag  to  the  top  of  the  lower  division" 
(embracing  the  Norwich  Crag),  except  that  north  of  the  Iken  lidge 
the  fauna  assumes  a  more  littoral  character,  beooming  mueh  poorer 
after  passing  Butley. 

These  points  1  now  propose  to  examine.  Omitting  as  of  little 
value  any  reference  to  the  indefinite  stratification  of  the  beds,  Inuut 
remark  that  I  have  already  stated  in  the  pages  of  this  Maoaztns  ^  mj 
reasons  for  dividing  the  Red  Crags  into  two  horizons  (each  possess- 
ing a  deep  and  shallow  water  fauna),  with  a  difierence  between  them 
of  190  species  of  shells  alone.  The  lists  were  the  tabulated  resolti 
in  separate  columns  of  collections  made  in  the  pits  of  Walton, 
Waldringfield,  Foxhall,  and  Sutton,  for  the  older  ^  and  at  pit  Oof 
Mr.  Prestwich's  plan,  at  Ramsholt,  Bawdsey,  Butley  Farm,  Butley 
Mill,  and  in  the  Chillesford  Stackyard  for  the  Newer  Bed  Crags. 

As  an  admirable  plan  is  given  by  Mr.  Prestwich,  I  shall  ooafine 
myself  at  present  to  the  question,  how  £Bir  it  bears  out  Mr.  Preetr 
wich's  deductions? 

Pits  D  and  G  open  at  opposite  sides  of  the  Coralline  Crag  Hill  (vide 
plan),  the  Red  Crag  being  represented  as  completely  sarroimduig  it, 
but  in  excavating  along  a  trench  on  ihe  east  side  of  the  zigzag  field 
north  of  the  cottage,  we  found  that  the  Coralline  Crag  came  to  the 
surface  under  the  top  soil,  the  Red  Crag  lying  by  the  side  as  if  it 
had  formed  in  a  hollow  of  the  older  deposit,  both  afterwards  having 
been  planed  off  to  one  level.  This  Coralline  Crag  extends  across 
the  field  and  separates  the  Red  Crag  of  the  two  pits ;  thus  showing 
that  the  Red  Crag  does  not  surround  the  Coralline  Crag  Hill  b&  in  the 
plan.  In  preference  to  making  the  Coralline  Crag  Hill  a  little  islet 
in  the  Red  Crag  Sea,  I  would  suggest  tliat  at  this  date  it  was  a  con- 
tinuous reef  trending  westward,  on  opposite  sides  of  which  the  older 
and  newer  Red  Crags  were  formed. 

The  shells  obtained  from  the  trench  were  Ostrea  cochlear ,  Pecten 
prinrepSy  P,  maximnSy  Cijprina  Islandica,  Panopea  Faujnsiif  Trochui 
ziziphynuSf  Buccinopsis  Dalei,  Fissurella  co»iaria,  BcUanus  comeavtu, 
and  others  as  at  Ramsholt. 

Unfortunately  I  cannot  offer  so  large  a  list  of  the  fossils  of  pit  D 
as  I  should  like,  but  as  in  the  mass  the  fossils  are  those  of  the  adja- 
cent pits  near  tlie  Sutton  Farm  and   Shottisham,  I   have  grouped 
them   together.      Tlie   following    species    of  the   pit   D    and   the 
immediate  neighbourhood  do  not  occur  in  pit  Q  or  any  beds  of  the 
same  horizon  that  I  have  collated  with  it :  Pecten  Weatcndorpianne, 
Mytihis  phaseoltnus,  Liviopsis  anritat  Leda  minuia,  Chama  gryph&ides, 
Cardium  decor iicainm,^  Kcllia  suhorhicularis,  Erycina  GeoffroyL  Astarie 
triaiujidaris,     A,    crebriliratra,    Tsocnrdia    cor,    Cardiia   orbicularis, 
Venus   imhricata^  Liicinopsis  Lajonkairii,  Lutraria   elliptica,    Donax 
poUtns,    Tellina    Bencdenii,     Panopea    Faujasiu    Pandora    rostrata, 
J^holas  cylindrica,  Fusas  a/pcotalus,  F.  coii8octaZ«,  F.  eleganSy  Buceinum 
^  The  English  Crags.  By  A.  apdU.  B^W.  Gw)vUi^^.\%U,Nq\.N\\\.,^.«1&^. 
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gladale,  IKmm  conaociatay  N.  elegans,  N,  prismatiea,  Deswundea  con- 
§Ubaia,  Plewr,  earinata,  P,  decu8$ata,  etc.,  Natica  eirriformis,  N. 
wmriam,  Scctlariafimbrioaa,  Adeorbis  subcarinatus,  Emarginida  crdssa, 
Browkia  partim-sinuosa,  Scaphander  lignarius ;  that  is  to  Bay,  37 
tpecieB  of  one  pit  unrepresented  in  another  pit  close  at  hand.    If  the 

Ssoliar  contents  of  pit  G  are  examined,  we  find  amongst  tliem 
ptehcneUa  psittacea,  Buceinum  ciliatum,  Pleurotoma  exarata,  Fuaus 
LmrgUUerti,  F.  TurtoniSy  Natica  nitida,  N.  occlwa,  N.  Orcenlandiea,  eta 
Many  other  forms  in  this  pit  are  very  rarely  represented,  to  what 
they  are  in  the  other  places,  and  vice  versd;  thus,  while  in  the  majority 
of  the  old  pits  (D.  etc.)  the  sinistral  form  of  F.  antiquua  is  the  pre- 
dominant one,  in  the  newer  horizon,  it  is  the  dextral  forms  that 
most  abound.  There  are  many  other  differences  in  size  and  arrange-' 
Bient  of  the  fossils,  that  I  need  not  stop  to  go  into.  I  think  I  have 
shown  sufficient  reason  against  the  argmnent  that  the  two  faunas 
were  deposited  in  the  same*  sea.  Of  the  peculiar  shells  of  the  older 
beds,  Waldringfield  alone  would  supply  40,  and  Walton  20  more,  in 
addition  to  the  above. 

The  juxtaposition  of  the  Bed  Crag  in  pits  D  and  G  to  the  Coralline 
Crag  CliSy  is  available  upon  another  point  If  the  Ked  Crag  fauna  is 
80  largely  supplemented  by  Coralline  Crag  fossils,  how  comes  it  that 
here  the  Coralline  Crag  fauna  is  so  sparely  represented.  Wliere  are 
the  LimoB,  small  AsiarteSf  VerticordicBj  ParomyoB,  PanopecB  (P.fragilis), 
TeUina  donacina,  or  the  many  Chemnitzia,  Exdima,  OdostomicBy 
PfframideUcB,  Triforis,  Cerithia,  and  CerithiopseSy  CoBcay  DiachideSy 
all  the  Opiathobranchsy  and  many  other  genera  ?  I  cannot  find  them 
in  the  ordinary  way  a  collector  works,  i.e.  by  careful  sifting  of  the 
material  in  which  they  ought  to  be  found,  and  I  confess  that  except 
the  wear  and  tear  of  the  sea  in  rolling  the  broken-up  Crag  had,  as 
I  suspect  it  has,  totally  destroyed  its  contents,  I  am  at  a  loss  to 
explain  their  absence.     It  is  certain  that  they  are  not  there. 

.Concerning  the  depth  of  the  Red  Crag  Sea,  I  shall  merely  say 
thiat  if  the  Pholades  (in  their  Crypts),  Mytilus,  and  Purpuray  indicate  a 
littoral  zone,  so  also  do  the  Brachiopoda  (vide  Mr.  Jeffreys),  the 
Fiuiy  F.  Turtoniy  F,  Largilliertiy  F.  Norvegicus,  Caasidaria  htcatenaia, 
BuccinopaiSy  and  other  genera  indicate  deep  water.  A  submergence 
of  the  former  would  allow  the  fauna  of  the  latter  to  accumulate.  I 
see  no  other  way  out  of  the  dilemma.^ 

Contrary  to  the  views  of  Mr.  Prestwich,  I  find  the  "  cliaracteristic 
land  and  freshwater  features  of  the  Norwich  Crag  "  set  in  South  of 
the  Iken  ridge.  Of  23  species  of  this  class,  Mr.  Prestwich  himself 
quotes  10  from  Butley  and  Waldringfield.  As  the  exertions  of  the 
Norwich  and  Suffolk  geologists  (whose  names  are  legion)  have 
brought  up  the  Mollusca  of  this  Trans-Iken  Sea  to  170  species,  aiMi 
the  Cis-Iken  area  of  the  same  age  (our  Upper  Crag,  op.  cit.  p.  261) 
only  musters  220,  I  do  not  think  it  can  be  considered  as  much 
'•  poorer."  * 

^  A  rimilar  condition  obtains  in  the  Post-Plioccnc  clays  of  Belfast.  Mr.  Stewart 
infonDB  me  that  the  base  is  characterized  by  FhoUu  crupota  ovn-iaid  by  a  zfiXift  mC 
TkrmetM  eonwtxu, 

*  1§  not  **£tUimut "  noted  aa  occurring  at  Bulchamp  an  exroi  ^ 
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Hie  difference  in  age  will  aeeonnt  for  the  afasenoe  of  the  tjpioil 
forms  {i.e.  SouUiem  and  Goialline)  of  Uie  older  areas  from  HaSoL 
The  abundance  of  Litiorina  and  TurritdU  alone  marking  the  Tmit- 
Iken  area,  and  that  only  in  certain  places. 

In  as  few  words  as  possible,  I  have  endeavonred  to  show  that  i 
great  difference  does  obtain  in  the  Bed  Crag  marine  fieiuna,  markiDg 
two  distinct  geological  horizons.  I  have  confined  myself  to  die 
Mollusca,  although  in  every  class  of  animal  life  the  same  diffetenoM 
prevail  more  or  less.  It  is  further  in  proof  of  my  statement,  that 
the  only  terrestrial  mollusca  of  the  lowest  Bed  Crag  are  of  an  ertincft 
species,  those  of  the  newer  division  living  in  our  own  land  at  fbe 
present  day. 

The  Chilletford  Sands  and  C7ay«.— If  the  '' unproductive  sands** 
which  cover  the  whole  of  the  Coralline  Bed  and  Norwich  Cap 
are  of  Chillesford  age,  I  am  in  error  in  considering  the  totally  wi- 
fossiliferous  sands  capping  the  Shelly  Crag  at  Butley  (see  Gbol. 
Mao.,   1871,  Vol.  Vm.,  p.    460)   as    of   different  age;   but  as 
the  whole  of  these  sands,  whether  in  Suffolk  or  Norfolk,  are  nn- 
fossiliferous,  I  must  still  be  content  to  retain  them  as  older,  or 
rather  that  when  the  denudation  of  the  Crag  area  oommenoed  (so 
well  seen  at  Butley),  the  *'  unproductive  sands  "  were  thrown  down, 
as  we  always  find  that  below  the  Chillesford  shell-bearing  sands, 
whether  at  Chillesford,  Sudboum  Church  Walk,  Aldeby,  Norwich, 
or  elsewhere,  these  sands  invariably  underlie  them,  sharply  making 
a  distinct  horizon  and  a  different  condition  of  things. 

I  cannot  assign  the  Bawdsey  Cliff  fossils  listed  by  Mr.  Prestwich 
to  this  stage.  In  mode  of  deposition,  in  character,  and  in  species, 
the  sliells  are  the  same  as  in  those  of  the  Upper  Crag  area  (of  A. 
and  B.  Bell). 

The  uncertainty  as  to  the  value  of  the  "  argillaceous  "  zone,  and 
the  disagreement  as  to  its  range  among  geologists,  renders  the  age  of 
the  Forest  bed  a  still  open  question ;  but  I  am  happy  to  be  able  to 
supplement  Mr.  Prestwich's  list  of  shells  from  Bunton  by  the  follow- 
ing species,  either  obtained  by  Mr.  Beeve  or  myself:  Spfueritm 
rivirola  (Kessingland),  Piaidium  amnicum  var.  eulcatuniy  P,  fonti$ULle, 
P.  Ifenslouriana,  Unto  littoralia,  Valvata  antiquay  Planorhis  ccmeuSt 
P,  navtileus,  P.  nitidus,  Ltmnea  pereger,  Anoflm  fluviatiliSy  Phyea 
fontinaUs,  Succinea  putris.  Helix  hispida,  E.  arhtistomm,  Cat^chivm 
minimum^  Zna  luhrica,  Ltmax  agrestts. 

The  name  Unio  margaritifera  in  Mr.  Prestwich's  list  is  added 
through  an  error.  Tlie  specimen  referred  to,  which  is  in  the  Norwich 
Museum,  is  an  Anodon. 

There  are  two  exceptions  I  must  take  to  the  lists  of  Mollasca, 
which  bear  upon  the  per-centf^  question.  I  notice  that  many 
extinct  forms  are  referred  to  existing  species,  or  else  they  are 
termed  varieties.  How  this  can  be,  I  am  at  a  loss  to  understand, 
when  the  so-called  variety  lived,  as  far  as  we  know,  in  advance  of 
the  typical  form.  Taking  an  extreme  case,  TeUina  Penedenii,  which 
first  appears  in  the  Black  Belgian  Sands,  is  termed  a  variety  of 
TeUina  lata,  which  first  appears  in  the  ''  Sables  gris,"  a  deposit 
j}OBtenor  to  the  ConXLine  Crag. 


JameB  Oeikie^^On  Changes  qf  Climate.  215 

La  I  am  made  jointly  responsible  with  Mr.  Jeffreys  for  the  addi- 
lal  speoieB  recorded  in  the  lists,  it  may  be  proper  here  to  state  that 
.  Jeffreys  is  the  authority  for  the  following  speoies:  Coralline 
g,  Cardiwn  Narvegievm^  Lima  elliptica,  Ltdraria  ohlangaj,  Modkla 
SOTS,  PeammMa  coaiulata,  SolecurtuB  aniiquatu$y  ThrcLcia  distarta 
if,  3  sp.,  Enarginula  rosea,  Murex  aeieulatua,  Odostamia  inseulpiOf 
9oa  praxima,  Eed  Crag,  Cardium  nodosum,  Fanop§a  plieaia, 
iHad&mya  papyracea,  Dentalium  ahyssorum,  Adaon  exiUs  f  Conop' 
'a  Maravignef  F.  deepectua,  Menestho  albula,  Bissoa  striata, 
>cAiw  Origtdandieus. 

low  far  variety  extends  is  a  matter  of  opinion,  biit  A.  exilis  is 
sribed  by  Mr.  Jefireys  as  having  three  whorls  and  A.  Etheridgii 
myself  as  with  6-6.  Conop.  crassa  is  not  the  same  as  C.  Mara^ 
us,  if  sculpture  is  any  oriterion,  and  with  respect  to  Fleurotoma 
nuata,  var.  ienvicosta,  it  must  be  a  very  elastic  variety  indeed,  if 
rmbraoes  all  the  distinctive  marks  of  the  species  Mr.  Jeffreys 
gns  to  it  When  I  requested  Mr.  Jeffreys*  opinion  upon  the  shells 
|oestion,  I  suggested  that  one  of  them  was  F,  attenuata ;  on  com- 
Lson  with  his  figured  specimen  he  thought  not,  and  proposed  the 
le  notaia,  which  I  afterwards  adopted  for  one  of  my  species. 

Y. — Om  Changes  of  Climate  dubing  the  Glacial  Epoch. 

By  Jambs  Gxulib,  F.R.S.E., 
District  Suireyor  of  the  Geological  Surrey  of  Scotland. 

{Sixth  Paper,) 
{Continued  from  the  April  Number,  p.  170.) 

r  has  already  been  sufficiently  insisted  that  no  warm  or  genial 
climate  has  intervened  since  the  close  of  the  Glacial  epoch.  The 
late  of  Britain  is  milder  now  than  at  any  other  period  subsequent 
he  re-elevation  of  our  country  after  the  last  great  submergence ; 
winters  have  been  gradually  growing  less  intense ;  Britain  has 
vlj  passed  from  an  Arctic  to  a  temperate  condition  of  things. 
Dawkins  accounts  for  the  absence  of  the  mammal-bearing  drifts 
Scotland  and  the  upland  districts  of  England  by  supposing  that 
post-glacial  times  cdl  these  regions  were  covered  with  snow  and 
This,  however,  is  a  rather  exaggerated  picture  of  post-glacial 
tain.  It  is  quite  true  that  after  the  emergence  of  our  country 
n  the  last  great  subsidence,  a  few  local  glaciers  continued  to 
^r  on  among  our  mountain  valleys.  But  the  Lowlands  of 
tland  were  most  assuredly  never  again  covered  with  glacier-ioe. 
post-glacial  times  the  low  country  of  Scotland  was  just  as  free 
n  ice  as  the  low  grounds  of  England.  And  since  the  hippo- 
imus  and  his  congeners  do  not  occur  in  the  post-glacial  drifts 
Scotland,  this  must  be  owing  to  some  very  difierent  cause  than 
^  suggested  by  Mr.  Dawkins.  If  the  hippopotamus,  the  elephant, 
rhinoceros,  the  hysana,  the  lion,  the  Machairodus,  and  others,  really 
d  in  England  during  the  post-glacial  period,  they  cannot  have 
)d  to  occupj  Scotland  at  the  same  time,    ^et  ^  V!i[i«^  dcA  ^sic^^ 
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where  are  their  remains  ?  and  where  in  Scotland  do  we  meet  widi 
deposits  like  those  of  the  Thames  and  other  English  Talleys  ?  Hie 
Scottish  post-glacial  deposits  have  yielded  relics  only  of  Arctic  and 
northern  species,  and  these,  as  we  trace  the  drift-beds  upwards  into 
recent  accumulations,  gradually  give  place  to  the  present  fauna.  The 
condition  of  Scotland  after  the  re-elevation  of  the  land  in  post-^adil 
times  became  suited  to  the  wants  of  reindeer  and  their  northern 
associates,  but  certainly  not  to  those  of  the  hippopotamus  and  his 
congeners.  Nor  can  it  be  for  one  moment  supposed  that  while 
Arctic  conditions  obtained  in  Scotland,  a  mild  and  genial  climate 
characterized  England. 

I  might  therefore  rest  the  case  simply  upon  this  question  of  posU 
glacial  climate, — the  presence  of  hippopotamus  betokens  a  mild  and 
genial  winter  :  no  such  genial  climate  has  intervened  since  the  close 
of  the  Glacial  epoch;  therefore  the  hippopotamus  cannot  possibly 
have  lived  in  Britain  in  post-glacial  times.  But  the  purely  geologic^ 
evidence  seems  not  only  not  against  but  positively  in  favour  of  tlui 
conclusion.  The  mere  intermingling  of  Arctic  and  southern  fonnfl 
in  the  same  river-deposit  cannot  be  considered  a  difficulty.  No  one 
who  has  studied  the  formation  of  river  sands  and  gravels  will  ftil 
to  see  how  fossils  entombed  at  widely-separated  intervals  may  come 
to  occupy  the  same  level.  Kivers  are  constantly  cutting  down 
through  their  own  deposits,  and  again  filling  up  the  excavations 
they  make.  In  this  way  gravel  and  sand  are  banked  against  similar 
beds  which  may  belong  to  a  much  greater  antiquity ;  and  the  line 
of  junction  it  is  oft^'n  impossible  to  determine — the  one  deposit 
seeming  to  shade  into  the  other. 

Nor  need  the  absence  of  tlie  mammalia  from  the  intcrglacial  beds 
of  the  north-west  and  east  of  England  surprise  us.  For,  in  the  first 
place,  these  beds  are  of  marine  formation,  and  every  one  knows  how 
rarely  remains  of  land  animals  occur  in  such  deposits ;  and,  in  the 
second  place,  it  is  unlikely  that  tlie  marine  intcrglacial  beds  referred 
to  were  laid  down  at  a  time  when  the  large  mammalia  inhabited 
Britain.  When  the  cold  of  any  particular  Arctic  period  had  reached 
its  climax,  and  a  thick  sheet  of  ice  ovei*flowed  Scotland  and  a  great 
part  of  England,  it  is  quite  impossible  that  any  portion  of  Britain 
could  have  been  tenanted  by  the  large  mammalia.  Even  the 
tichorhine  rhinoceros  and  the  mammoth  must  have  gone  south. 
Again,  when  the  cold  had  passed  away,  and  tlie  climate  was  getting 
temperate,  our  country  could  only  have  become  populated  by  means 
of  a  land  communication  with  the  continent  It  may,  therefore,  be 
inferred  that  during  the  warm  intcrglacial  period  or  periods,  when 
the  hippopotamus  and  its  southern  associates  visited  these  latitudes, 
our  country  formed  part  of  the  continent,  and  consequently  that  the 
marine  deposits  then  thrown  down  are  even  yet  covered  by  the 
waters  of  the  ocean. ^    The  records  of  past  time  are  preserved  chiefly 

1  This  conclusion  receives  strong  support  from  the  yicws  advocated  by  Adhemar, 
Croll,  and  others,  concerning^  the  effect  likely  to  bo  produced  upon  the  level  of  the 
Ooean  in  our  hemisphere  by  uie  presence  of  a  great  ice-cap  at  the  antipodes.  During 
Loold  neriod  in  the  southern  hemisphere  there  would  bo  a  tendency  to  an  increase 
*  ^ttta-Burfkoe  here — on  iucrea&ei  however,  w\dc\i  we  Yi&'ve  «i  "^T^Msa^i  ha  certain 
n  of  ettimMiing, 
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in  the  mad  and  sand  of  old  sea-bottoms-^land-surfaces  have  not 
often  been  oovered  up  and  handed  down.  During  the  deposition 
of  the  English  glacial  and  interglaoial  drifts,  Britain  may  have  been 
•eveial  times  united  to  the  continent  and  again  separated,  without 
any  record  of  such  continental  conditions  having  been  preserved  in 
the  marine  drifts  that  border  her  maritime  districts.  For  I  hardly 
suppose  any  geologist  will  seriously  hold  that  the  succession  of  the 
dnft  deposits  either  in  the  east  or  north-west  of  England  is  con- 
tinnons — that  there  are  no  gaps  between  the  beds,  but  that  from  the 
Foresi-bed  up  to  the  latest  postglacial  deposit  we  have  an  unbroken 
series,  telling  one  connected  tale.  In  Scotland  the  erosion  during 
glacial  and  interglaoial  periods  was  excessive ;  and  the  superficial 
oeposits  of  England  must  also  have  been  subjected  to  considerable 
d^ndation  throughout  the  whole  cycle,  from  glacier  ice,  from  pluvial 
and  river  action,  and  from  the  sea. 

It  may  be  said  that  the  older  river-gravels  occupy  valleys  or 
depressions  which  have  been  eroded  through  glacial  drifts.  But  in 
ooming  to  this  conclusion  is  it  not  just  possible  that  geologists  may 
sometimes  have  been  influenced  by  preconceived  opinions  with 
regard  to  the  age  of  the  mammaliferous  drifts  ?  It  does  not  follow, 
because  a  bed  of  Boulder-day  appears  to  be  cut  off  by  the  slopes 
of  a  valley,  that  the  valley  in  question  has  been  hollowed  out  since 
the  deposition  of  the  Boulder-clay.  To  say  the  least,  it  seems  just 
as  feasible  a  supposition  that  the  valley,  with  some  portion  of  its 
sand  and  gravel  deposits,  may  have  existed  before  the  accumulation 
of  the  Boulder-clay,  and  subsequently  become  partially  filled  up 
with  that  bed,  which,  when  tlie  stream  once  more  began  to  flow, 
would  be  denuded  and  re-arranged  or  even  swept  away.  During 
this  process  the  older  alluvia  or  valley  gravels  would  also  be  greatly 
denuded;  yet  it  is  not  at  all  improbable,  but  even  highly  likely,  that 
some  portion  would  be  spared.  If  this  were  the  case,  it  would  be 
next  to  impossible  to  separate  these  out  from  the  newer  gravels 
which  overlaid  them,  unless  indeed  the  latter  should  be  found  to 
contain  stones  which  could  only  have  been  derived  from  the  Boulder- 
day.  As  an  example  of  what  is  meant,  reference  may  be  made  to 
the  highly  interesting  section  of  the  Biddenham  deposits  given  by 
Mr.  Wyatt.^    The  section  is  as  follows  : 

''  Thin  course  of  earth. 

Dark-red  clay  discoloorations  by  infiltration. 

Subaneular  ^avcl,  mostly  worn,  and  chiefly  composed  of  flints,  small  fragments 
of  iron  shale  or  the  greensond,  and  a  few  portions  of  the  older  rocks. 

Sand. 

Vein  of  sandy  clay. 

Sand. 

Thin  kyer  of  black,  apparently  woody,  matter.    Helix, 

Fine  gra?el. 

Sandy  clay  layer.    Suecinea, 

Sand,  occasional  angular  pieces  of  flint. 

Many  shells,  principally  or  the  SueeineOj  Planorbit,  and  Cyelat. 

Coarse  gra?el,  boulders  of  red  sandstone,  flints,  older  rocks— some  Tery  large. 
ochreoQs. 

>  See  The  Oeotopist,  1861,  p.  243;  and  Mr.  Frestwich^B  pa]^«t  vn.  Q.>3Ax\.  ^^^s^. 
OeoL  8o&,  fol  xni,,  p,  364, 
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loLjer  of  ochreoiu  claj.    8helU«  O^clai, 

Smaller  grayel.    Impiswunt;    Bones  and  teeth  of  BUpka$^  Deer,  Bof^  ele. 

Limeetone  rock." 

It  may  be  admitted  that  the  boulders  of  older  rooks  occurring  in  the 
"  coarse  gravel "  near  the  base,  and  in  the  '*  subangular  gravel "  netr 
the  top  of  this  section,  have  been  derived  from  the  Boulder-clay 
of  the  adjoining  higher  grounds ;  yet  it  by  no  means  follows  that 
the  underlying  bed  of  ''  smaller  gravel "  has  had  a  similar  origu. 
For  all  that  can  be  shown  to  the  contn^ry,  it  may  belong  to  a  much 
more  remote  antiquity  than  the  Boulder-day  in  question,  and  may 
date  back  to  interglacial  or  even  to  preglacitd  times. 

It  is  quite  certain,  however,  that  mammal-bearing  gravels  have 
been  found  to  rest  upon  Boulder-day.  Mr.  Prestwich  put  thia 
beyond  all  doubt  by  showing  that  at  Hozne  certain  freshwater  beds 
which  have  yielded  flint  implements  and  mammalian  remains  were 
superposed  on  Boulder-clay.  Nevertheless  this  does  not  prove  that 
these  fluviatile  deposits  are  of  post-glacial  age.  To  make  thia 
certain  we  should  require  to  show  that  the  Boulder-clay  in  question 
belongs  to  the  close  of  the  Glacial  epoch ;  for  what  I  hold  is,  that 
the  deposition  of  Bouldor-clay  and  other  glacial  drifts  both  preceded 
and  succeeded  the  formation  of  some  at  least  of  the  older  valley- 
gravds.  The  consideration  of  this  point  raises  the  wide  question 
of  the  age  of  the  English  valleys.  Are  those  valleys  postglacial, 
interglacial,  or  preglacial  ?  In  a  former  paper  *  I  took  the  liberty 
of  saying  that  the  sequence  of  the  glacial  deposits  as  developed  in 
Scotland  being  so  comparatively  simple,  we  might  with  advantage 
view  this  sequence  as  typical,  and  that  thus  we  might  obtain  a  key 
to  solve  the  difBculties  which  beset  the  student  of  the  glacial  accumu- 
lations in  England.  We  may  now  advance  a  step  further  in  thia 
correlation  of  geological  phenomena.  Some  years  ago  I  attempted 
to  give  a  brief  account*  of  the  kind  of  denudation  to  which 
Scotland  had  been  subjected  since  glacial  times,  and  I  showed,  what 
indeed  was  familiar  to  most  geologists,  that  its  chief  features  were 
impressed  upon  the  country  in  ages  long  anterior  to  the  advent 
of  the  Glacial  epoch.  Here  and  there  we  find  the  streams  flowing 
in  doe])  ravines  which  they  have  scooped  out  for  themselves  since 
the  deposition  of  the  ghicial  drifts ;  but  although  they  may  not  thus 
always  flow  exactly  in  their  preglacial  and  interglacial  channels,  yet 
nevertheless  they  make  their  way  to  the  sea  along  the  same  great 
lines  of  drainage  which  marked  the  country  before  the  first  approach 
of  glacial  cold.  In  shoit,  the  present  river-cuts  are  postglacial  and 
recent,  but  all  the  main  valleys  in  which  these  river-cuts  are  made 
existed  in  preglacial  times.  There  is  nothing  to  show  that  it  ia 
otherwise  with  the  valleys  of  England.  "One  thing  is  certain,** 
Professor  Bamsay  says^  "  that  before  the  Glacial  epoch  the  greater 
contours  of  the  country  were  much  the  same  as  they  are  now."* 
Such  being  the  case,  there  is  nothing  unreasonable  in  supposing  that 

'  See  Gbol.  Mao.  for  March. 

*  See  Trans.  Glaa.  Gcol.  Soc.,  vol.  iii.,  p.  64. 

'  Pfa^^cal  Geog.  and  Geol.  of  Great  Bntain, ;).  142. 
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preglaoial  and  interglaoial  deposits  may  exist  in  the  English  valleys, 
jut  as  they  occur  in  those  of  SootlaQd.  In  the  paper  referred  to 
above,  it  was  further  pointed  out  that  the  last  excessive  denudation 
of  the  Scottish  glacial  and  interglaoial  drifts  was  effected  mainly 
Glaring  the  growth  of  the  sand  and  gravel  (kames)  series.  **  During 
that  period  waves  and  currents  often  ploughed  out  the  till  in  the 
uannow  straits  and  seas  to  a  large  extent,  while  in  the  fiords  and 
)dieT  sheltered  regions  this  deposit  escaped  the  same  degree  of 
siOBion,  and  the  configuration  then  given  to  it  has  not  been  oblite- 
rated by  the  atmospheric  forces,  although  these  have  been  so  long 
M&ployed  in  its  reduction."  I  do  not  under-estimate  the  erosion  by 
toats,  rain,  and  rivers  since  the  re-elevation  of  the  land  from  the  last 
^leat  submergence.  It  would  be  strange  that  any  one  familiar  with 
Jie  aspect  of  our  hills  and  valleys  should  dream  of  doing  so ;  the 
iter  denudation  has  undoubtedly  been  enormous :  yet  I  feel  con- 
rinoed  that  upon  the  whole  the  glacial  and  interglaoial  deposits 
>f  Scotland  still  retain  much  of  the  appearance  they  presented  after 
he  final  retreat  of  the  sea.  K  we  are  to  believe  that  the  preglaoial 
ind  interglaoial  river-deposits  of  England  have  all  been  swept  away, 
ind  that  the  valley-gravels  belong  exclusively  to  postglacial  times, 
hen  we  must  also  believe  that  the  marine  denudation  during  the  last 
rreat  submergence  and  the  subsequent  subaerial  erosion  have  been 
Quoh  more  excessive  in  England  than  in  Scotland,  and  that  far 
greater  physical  changes  have  been  efifected  in  the  former  than  in 
he  latter  country  since  the  re-elevation  of  the  land. 

Since  the  deposition  of  the  older  valley-gravels  of  England,  con- 
iderable  derangement  of  the  drainage-system  has  taken  place.  Mr. 
iVestwich  rem^ics,  *'  One  feature  of  these  deposits  is,  that  although 
loeely  related  to  the  present  configuration  of  the  surface,  yet  they 
Te  always  more  or  less  independent  of  it.  They  are  often  near 
tresent  lines  of  drainage,  yet  could  not,  as  a  whole,  possibly  have 
«en  formed  under  their  operation."  *  In  this  respect  they  closely 
esemble  the  Scottish  interglaoial  beds,  to  which,  indeed,  the  entire 
lescription  just  quoted  most  aptly  applies.  It  has  been  already 
hown  that  the  partial  or  complete  filling  up  of  the  preglaoial  and 
aterglacial  river-cuts  with  drift  deposits  has  often  so  modified  the 
lontour  of  the  ground  as  to  compel  the  streams  in  postglacial  and 
eoent  times  to  hollow  out  for  themselves  new  cuts  in  drift  deposits 
nd  the  solid  rocks.  In  Scotland,  glacial  deposits  are  so  well  marked 
hat  there  is  no  possibility  of  their  being  mistaken  for  anything  else ; 
hey  tell  us  in  language  Uiat  cannot  be  misconstrued,  that  the  gravels, 
ands,  silts,  etc.,  lying  in  old  water-courses  beyond  the  reach  of  the 
^resent  streams  are  preglaoial  and  interglaoial, — we  cannot  by  any 
Dgenuity  explain  away  the  superimposed  Till.  But  the  glacicd 
leposits  of  many  parts  of  England  are  by  no  tneans  so  well  defined. 
Phe  further  we  recede  from  the  mountains  of  that  country,  the 
(lacial  diifts  beoome  less  and  less  distinguishable.  To  such  an 
ixtent  is  this  the  case,  that  geologists  are  sometimes  at  their  wits' 
fnd  to  say  whether  the  large  stones  occasionally  met  with  in  the 

I  Fbil.  Trans.  1860. 


220  JamM  Cfeikie — On  Changes  qf  CHmate. 

valley-graTels  haye  been  carried  into  their  present  position  by  float- 
ing ice,  or  whether  they  may  not  have  been  deriyed  from  the 
denudation  of  a  Boulder-clay.  In  the  former  case  the  stones  would 
give  evidence  of  cold  conditions ;  in  the  latter  they  would  afibrd  no 
proof  of  anything  in  particular,  save  river-^crosion.  This  we  may  be 
sure  of,  that  the  river-drainage  of  England  must  have  been  fre- 
quently interrupted  during  the  cold  periods  of  the  Glacial  epoch,  by 
deposits  from  land-ice,  from  icebergs,  and  from  the  drifting  and  sifting 
action  of  marine  currents^  When  a  cold  period  had  passed,  and  the 
rivers  once  more  began  to  find  their  way  down  the  slopes  of  the 
land  to  the  sea,  it  is  more  than  likely  that  they  would  not  be  able 
always  to  get  into  their  former  channels.  In  some  cases  these  would 
be  filled  up,  or  partially  so,  with  Till  or  Boulder-clay,  or  marine 
gravel  and  sand.  And  such  obstioictions  of  the  drainage  and  con- 
sequent deflection  of  the  streams  might  be,  or  rather  must  have 
been,  repeated  again  and  again.  Thus,  on  the  supposition  that  some 
at  least  of  the  older  valley-gravels  are  interglacial  and  perhaps  pre- 
glacial,  their  abnormal  position  in  reference  to  the  present  lines  of 
drainage  would  receive  a  simple  explanation, — an  explanation  which 
it  seems  to  me  is  not  antagonistic,  but  supplementary  to  the  leading 
ideas  entertained  by  Mr.  ]?restwich. 

The  well-known  fact,  that  the  mammalian  remains  and  flint  imple- 
ments of  the  older  valley -gravek  are  most  frequently  found  at  or 
near  the  bottom  of  such  deposits,  appears  to  favour  these  general 
conchisions.  Surely,  if  the  gravels  where  whoUy  of  postglacial  age, 
we  might  expect  to  meet  with  flint  implements  and  bones  as  plenti- 
fully in  the  upper  as  in  the  lower  portions  of  the  beds.  But  that 
such  is  not  the  case  agrees  well  with  the  supposition  that  the  mam- 
maliferous  beds  are  mere  patches  of  old  interglacial  river^deposits, 
covered  up  by  later  accumulations,  some  of  which  are  undoubtedly 
fluviatile,  wliilo  others  may  be  marine  or  estuarine. 

Again,  it  is  noteworthy  that  while  the  older  river-gravels  in  the 
south  of  England  are  usually  well  developed,  as  in  the  basin  of  the 
Thames,  those  of  the  valleys  further  north  occur  for  the  most  part 
in  mere  patches.  This  circumstance  appears  inexplicable  on  the 
supposition  that  tlie  valley -gravels  are  wholly  postglacial ;  but  if  the 
theory  here  supported  have  any  truth  in  it,  the  apparent  anomaly  is 
only  what  might  have  been  expected.  For,  in  the  first  place,  the 
valleys  of  the  Thames  and  those  of  the  south  of  England,  being  far 
removed  from  the  centres  of  glaciation,  have  not  been  subjected  to 
the  same  degree  of  erosion  as  the  valleys  to  the  north ;  and,  in  the 
second  place,  the  ground  south  of  the  Thames  does  not  appear  to 
have  been  submerged  during  the  accumulation  of  the  kames  and 
esker  drift,  and  so  has  escaped  the  great  tear  and  wear  which  then 
overtook  the  superficial  accumulations  in  Scotland,  and  also  as  I 
believe  in  the  drowned  districts  of  England. 

It  is  thus  then  that  I  would  explain  the  sorely  wasted  aspect  and 
often  anomalous  position  of  the  valley-gravels  of  England  and  the 
almost  entire  absence  of  mammal-bearing  drifts  in  Scotland  and 
Ireland,    In.  those  countries  and  the  hilly  districts  of  England,  the 
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inleiglaoial  deposits  mast  have  been  ploughed  out  again  and  again 
vbenerer  a  glacial  period  supervened,  and  even  during  interglaoial 
periods  subaerial  denudation  would  oarry  on  the  work  of  destruo- 
tkm;  in  short,  the  deposits  of  eaoh  period  would  be  made  up 
to  a  large  extent  of  pre-existing  drifts.  But  as  we  reoede  from  the 
iplands  and  approach  the  low  oountry,  we  get  upon  ground  where 
glacial  action  would  be  less  intense,  and  where,  consequently,  inter- 
^aoial  deposits  would  stand  a  better  chanoe  of  preservation. 

Bui  it  may  still  be  objected  that  if  the  older  river-gravels  are 
Mlly  of  interglaoial  age,  we  ought  to  find  them  in  some  plaoes  at 
least  covered  by  glacial  deposits.  Now  I  will  not  stop  to  ask  how 
often  this  may  have  been  the  case  without  the  glaciad  character  of 
tiie  overlying  deposits  having  been  recognized.  Hitherto,  the  post- 
glacial age  of  the  valley -gravels  has  been  by  many  assumed,  not  proved. 
Tet  it  is  not  too  much  to  say  that  the  mere  absence  of  an  overlying 
cap  of  glacial  clay  or  sand,  or  silt  or  gravel,  is  not  sufficient  evidence 
of  the  postglaci^  age  of  a  deposit.  Such  an  overlying  bed  may 
have  been  removed  by  denudation,  or  it  may  never  have  existed.  But 
we  do  find  in  the  valley-gravels  themselves  evidence  of  cold  dimatal 
conditions.  I  need  only  refer  to  the  well-known  occurrence  of  the 
travelled  stones  and  boulders  which  Mr.  Prestwich  thinks  may  point 
to  transport  by  means  of  floating-ice ;  and  the  confused  and  tumul- 
tooos  appearance  which  many  of  the  older  river-deposits  present  may 
also,  he  believes,  be  accounted  for  by  the  grounding  of  heavy  ice- 
nifts.  This  explanation  at  once  commends  itself  by  its  simplicity  ; 
but  whether  the  transport  of  the  boulders  and  the  confused  bedding 
of  the  gravels  have  in  all  cases  been  e£fected  by  river-ice  is  at  least 
doubtful.  Granting,  however,  that  they  have  been,  and  that  the 
deposits  in  which  these  phenomena  occur  are  of  postglacial  age,  it  is 

Suite  clear  that  the  conditions  of  climate  which  Mr.  Prestwich's 
leory  demands  could  not  have  been  suited  to  the  wants  of  the 
hippopotamus,  Nor  could  we  reasonably  expect  to  find  a  mammalian 
fauna  at  once  so  varied  and  abundant  as  that  of  our  river-gravels 
and  oave-deposits,  living  in  England  at  a  time  when  the  winters 
were  so  intensely  severe.  Is  it  not  more  reasonable,  then,  to  con- 
clude, that  the  southern  forms  had  already  left  Britain  before  the 
climate  had  so  cooled  down  as  to  permit  the  presence  of  large  ice- 
rafts  on  our  rivers ;  in  other  words,  that  the  travelled  boulders  and 
confused  bedding  point  either  to  the  approach  or  the  disappearance 
of  a  cold  or  glacial  period  ? 

But  still  stronger  evidence  in  this  direction  is  furnished  us  by  the 
"Trail"  so  lucidly  described  by  the  Eev.  0.  Fisher.  If  this  peculiar 
deposit  be  not  due  to  the  action  of  land-ice,  as  Mr.  Fisher  contends, 
to  what  other  cause  can  we  ascribe  it  ?  The  chief  objection  which 
it  appears  to  me  can  be  urged  against  the  explanation  given  is  only 
our  own  preconceived  idea  that  valley-gravels  as  a  rule  must  belong 
to  a  later  date  than  the  Glacial  epoch.  But  freshwater  deposits 
of  interglaoial  age  occur  in  Scotland,  Switzerland,  and  America,'  and 

'  In  a  former  paper  ^Obol.  Mao.,  Vol  IX,,  p.  64)  I  referred  \»  ^^i^^^'QAx^^w^^^ 
of  North  America  as  being  in  all  probability  the  equiyalent  oi  OMC  T\ii.    %\x\&^  \^^^ 
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Bhould  Mr.  FiBher^s  theory  of  the  origin  of  *'  Trail "  be  ultimafBlj 
aooeptody  as  I  can  hardly  doabt  it  will,  then  we  Bhall  be  oompeUed  to 
admit  the  interglacial  age  of  some  English  graTeLs  alao.  For  if  it  be 
certain  that  no  warm  period  has  intervened  sinoe  the  oLooe  of  tbe 
Glacial  epoch,  it  is  equally  certain  that  within  the  same  time  no 
climate  severe  enough  to  nourish  land-ice  beyond  the  limits  of  our 
mountain  valleys  has  supervened  in  Britain. 

Some  twenty  years  ago  Mr.  Gbdwin- Austen  pointed  out  in  one  d 
his  most  suggestive  papers/  that  the  '*  subaerial  beds"  of  the  Eu^iah 
Channel  area  were  the  equivalents  of  the  glacial  deposits  elsewhen, 
and  that  the  broad  alluvia  and  gravels  of  such  rivers  as  the  Severn, 
the  Fab,  the  Dart,  the  Thames,  etc.,  belonged  to  a  period  anterior 
in  date  to  the  great  depression  during  which  the  hi^-level  marine 
drifts  of  Wales  were  accumulated.  In  other  words,  he  showed  (hit 
these  river-gravels  could  not  be  referred  to  post-glacial  times. 

There  are  still  some  points  to  be  urged  in  Iftvonr  of  the  views  which 
I  have  ventured  to  put  forward  in  this  paper ;  but  a  comsiderstion 
of  these  points  must  be  deferred  for  the  present. 


VI. — On    Mbteobitvs.* 
ByD4TiD  Fo&BBS,  F.R.S. 

ON  the  previous  occasions  upon  which  I  have  had  the  honour  of 
lecturing  in  this  hall,'  my  observations  were  confined  to  the 
consideration  of  the  structure  of  the  earth  beneath  our  feet.  Now, 
however,  I  would  crave  your  indulgence  still  further,  when  I 
attempt  to  carry  your  thoughts  with  me  to  infinitely  higher  regions 
by  directing  your  attention  to  the  study  of  wliat  may  be  termed  the 
mineralogy  of  the  heavens  above  us. 

In  responding  to  the  invitation  of  your  worthy  Secretary,  to 
deliver  a  lecture  "  On  Meteorites,"  I  feel  myself  greatly  embarrassed 
by  the  conviction  that  all  we  know  of  these  wonderful  natural 
phenomena  is  so  imperfect  and  incomplete  that  even  those  who  have 
devoted  most  time  to  their  study  will  find  difficulty  in  answering 
such  apparently  simple  questions  as — What  are  Meteorites  ?  or,  Where 
do  they  come  from  ? — questions  which  most  of  you  are  doubtlessly 
prepared  to  ask,  in  the  full  expectation  of  receiving  a  satisfactory 
reply. 

Under  these  circumstances,  therefore,  all  I  can  do  is  to  lay  be- 
fore you  a  summary  of  what  we  at  present  know  concerning 
meteorites,  and  the  opinions  of  those  who  have  specially  studied  them; 
but  before  commencing  I  would  premise  by  explaining  that  the  term 
Meteorite,  as  understood  in  this  present  discourse,  is  restricted  to 

I  have  been  assured  by  a  friend  well  acquainted  with  the  superficial  deposits  of  Scotland 
and  North  America,  that  my  inference  is  quite  correct,  and  that  the  hardpan  answers  in 
every  respect  to  till. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  vii.,  p.  118. 

'  Being  a  lecture  delivered  at  St.  George's  Hall,  Langham  Place,  London,  7th 
April,  1872. 

»  See  Gbol.  Mag.,  1870,  Vol.  VII.,  p.  314.  Lecture  on  Volcanoe,  delivtred 
Juae  19tbf  1870. 
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koh  meteors  which,  from  their  having  at  yarious  times  fallen  down 
om  the  atmosphere  on  to  our  earth,  have  afforded  ns  the  means  of 
lamining  their  physical  and  chemical  natare,  and  to  which  the 
imes  of  Meteorites  or  Aerolites,  i.e,  meteoric  or  atmospheric  stones, 
ave  been  specially  applied.  That  such  bodies  in  their  descent 
resent  the  appearance  of  balls  of  fire  or  luminous  meteors  is  well 
iK>wn ;  but  as  yet  we  are  not  certain  that  all  luminous  or  igneous 
leCeoTs  are  true  meteorites  in  this  sense,  notwithstanding  that  recent 
Bseorohes  indicate  that  falling  stars,  meteors,  meteorites,  and  even 
omets,  are  all  bodies  differing  only  in  size,  but  otherwise  similar,  if 
ot  identical,  in  composition.  The  descent  of  falling  stars,  fiery 
lobes  or  thunderbolts,  as  they  are  commonly  oalled  from  the  attend- 
Qt  noise,  has,  without  doubt,  often  attracted  man's  attention  even  in 
lie  most  ancient  or  prehistoric  times ;  for  we  find  amongst  the  tradi- 
ions  of  all  nations,  descriptions  of  glowing  meteors  rushing  down  from 
be  heavens,  to  the  dire  consternation  of  the  inhabitants  of  the  earth, 
rho  long  imagined  them  to  be  harbingers  of  war,  pestilence,  famine, 
r  other  dreadful  calamities  in  store  for  them,  and  retained  the  belief 
liat  some  such  catastrophe  would  end  in  the  entire  destruction  of 
or  globe  by  shattering  it  in  pieces  in  the  coUision,  or  burning  it  up 
1  a  grand  conflagration. 

Amongst  the  Arabs,  the  year  902  is  still  called  the  Year  of  the 
ttars,  because  of  the  large  number  of  falling  stars  which  were 
beerved  on  the  night  in  October  on  which  the  Caliph  Ibraham-ben- 
Lhmed  died,  and  as  recently  as  Feb.  9,  1865,  when  a  large  meteor 
ras  seen  at  Salem,  in  the  Camatio,  the  Hindoos  declared  that  a  king 
ras  about  to  die,  their  belief  in  this  idea  being  no  doubt  greatly 
tarengthened  by  it  so  happening  that  the  Rajah  of  Mysore  did  then  die. 

It  is  but  natural  to  anticipate  that  the  fall  of  any  heavy  body 
rom  the  clear  heavens  above  us,  could  not  take  place  without  making 
deep  and  lasting  impression  on  those  who  witnessed  its  descent,  so 
bat  it  is  easy  to  understand  how,  in  the  early  ages,  aerolites  came 
■}  be  regarded  with  extreme  veneration.  Herodian  informs  us  that 
t  Emesa,  in  Syria,  a  large  black  conical  meteoric  stone  was,  from 
»  having  fallen  from  the  clouds,  worshipped  as  the  representative 
f  the  sun,  and  that  this  stone  was  afterwards  brought  with  great 
lomp  to  Rome  by  Elagabalus,  the  high  priest  of  its  temple.  In  the 
Vuian  chronicle,  also,  it  is  recorded,  that  the  mother  of  the  gods 
7B3  adored  at  Pessinus,  in  Galatia,  under  the  form  of  a  stone  which 
lad  fallen  from  heaven,  and  which  was  regarded  with  such  rever- 
noe  that  a  treaty  was  made  by  the  Romans  with  Attains,  King  of 
^ergamus,  for  its  acquisition,  in  virtue  of  which  it  was  solemnly 
irought  to  Rome,  and  placed  in  the  temple  of  Cybele  by  Publius 
knpio  Nasica,  about  204  years  before  the  Christian  era.  In  other 
»rts  of  the  world  we  find,  in  like  manner,  that  the  celebrated  Pallas 
aeteorite  was  for  a  long  time  revered  by  tlie  Tartars  of  Siberia  as  a 
leavenly  relic ;  and  more  recently  the  African  traveller,  Dr.  Barth, 
cmnd  that  the  natives  of  Turuma,  in  Eastern  Africa,  worshipped  a 
tone  which  had  fallen  from  the  sky  with  the  accompaniment  of 
hunder,  over  wbioh  tbejr  bad  built  a  rude  temple,  m  ^\^^  ^<^^ 
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anointed  it  with  oil,  and  made  o£fering8  of  glass  beads.  On  his  first 
visit  Dr.  Barth  was  not  even  allowed  to  see  it ;  but  some  three  years 
later,  when  the  country  was  devastated  by  war  and  famine,  he 
managed  to  secure  possession  of  it,  and  in  1859  deposited  it  in 
Munich. 

The  notion  that  meteoric  stones  contained  within  them  hidden 
treasures  seems  to  have  been  prevalent  in  some  parts  of  Europe,  an 
idea  which  may  possibly  have  suggested  itself  from  the  known 
custom,  in  still  older  times,  of  secreting  valuables  within  images  of 
the  gods  to  protect  them  from  pillage ;  but,  be  that  as  it  may,  in- 
stances of  meteoric  falls  are  recorded,  even  in  this  century,  in  which 
the  spectators,  once  recovered  from  the  mortal  fright  occasioned  by 
the  phenomenon,  have  allowed  their  cupidity  to  overcome  their 
veneration,  by  smashing  the  newly-arrived  stone  into  fragments, 
in  order  to  see  whether  it  did  not  contain  gold  or  precious  stones 
within  it. 

If  this  idea  obtained  amongst  the  prehistoric  inhabitants  of  the 
earth,  which  however  is  unl&ely,  the  disappointment  experienced 
on  their  not  finding  gold  within  would,  in  many  instances,  be  more 
than  compensated  for  by  the  discovery  that  they  contained  a  metal 
infinitely  more  valuable  to  them  than  gold,  viz.  native  iron,  easy  of 
being  shaped,  even  with  their  inide  stone  implements,  into  cutting 
tools  excelling  anything  they  previously  owned.  There  cannot  be 
a  doubt  as  to  the  meteoric  origin  of  the  first  iron  implements,  and 
that  this  was  ages  before  the  art  of  extracting  iron  from  its  ores  had 
been  perfected.  The  iron  weapons  mentioned  by  Homer  as  in  use  at 
the  time  of  the  siege  of  Troy,  some  eleven  centuries  before  the 
Christian  era,  were  most  probably  made  from  meteoric  iron,  which 
would  account  for  the  enormous  value,  as  compared  with  other 
metals,  which  was  at  that  early  period  put  upon  them.  In  the 
Greek  mythology  we  are  also  told  that  the  thunderbolts  of  Jupiter 
were  forged  by  Vulcan,  which  would  indicate  the  knowledge  that 
meteorites  were  at  times  composed  of  iron ;  and  it  is  not  unfair  to 
suppose  something  more  than  a  mere  accidental  coincidence  in  the  Latin 
word  "sideres,"  "the  stars,"  resembling  so  much  the  Greek  for  iron, 
ai^po^ — a  coincidence  possibly  arising  from  the  observation  that 
certain  stars  seen  to  fall  to  the  ground  were  composed  of  meteoric  iron. 

According  to  Mongolian  traditions,  a  black  mass  of  rock,  some 
forty  feet  in  height,  fell  in  a  plain  near  the  sources  of  the 
Yellow  Eiver,  in  Western  China;  and  we  read  in  Eastern  stories  of 
magic  swords  forged  from  iron  which  had  but  recently  fallen  from 
heaven,  a  manufacture  which  was  imitated  by  Captain  Sowerby, 
who  some  half  century  ago  had  one  made  of  meteoric  iron,  and 
presented  it  to  the  Emperor  Alexander  of  Russia. 

It  is  quite  certain,  however,  that  in  many  parts  of  the  globe  the 
first  iron  known  to  the  inhabitants  was  a  meteoric  product — as  for 
example  in  Mexico,  where  iron  had  never  been  smelted,  the  Indians 
of  Toluca  employed  for  making  their  agricultural  implements 
meteorites  which  had  fallen  in  very  large  numbers  in  that  district ; 
In  Siberia  the  Jakuts  also  use  Biunlat  itoii  iot  t\i&\x  weapons ;  and  in 
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the  British  M oseum  there  oan  bo  seen  a  harpoon  and  mde  knife 
fimn  the  Esquimaux  of  Western  Greenland,  formed  of  pieces  of 
meteorites  flattened  out  and  fixed  in  bone  handles.  These  were 
obtained  in  1819,  by  Captain,  now  General  Sir  Edward  Sabine,  to 
idiom  the  natives  explained  that  the  iron  was  partly  broken  off  a 
large  mass  and  in  part  obtained  by  breaking  up  stones  containing 
fiagments  or  globules  of  native  iron  disseminated  in  the  mass,  which 
they  then  flattened  out  between  two  stones,  in  order  to  give  them  the 
proper  shape  and  edge.  The  meteoric  origin  of  these  specimens 
was  oonfirmed  by  the  analysis  of  Mr.  Brande. 

In  historical  times  it  appears  that  the  Chinese  were  the  first  to 
itady  meteoric  phenomena,  and  their  astronomical  literature  contains 
a  record  of  meteors  observed  during  more  than  two  thousand  four 
hundred  years.  Of  this  a  translation  has  been  made,  embracing 
obeervations  made  from  the  seventh  century  before  Christ  down  to 
the  seventeenth  century  of  the  Christian  era,  which  is  now  found  of 
great  service  to  modern  astronomers,  and  the  completeness  of  which 
may  be  appreciated  when  it  is  mentioned  that  no  less  than  1479 
meteors  are  registered  between  the  years  960  and  1270  of  our  era. 

The  Greek  and  Roman  authors  paid  but  little  attention  to  the 
observation  or  recording  of  natural  phenomena,  yet  occasional  men- 
tion of  meteoric  falls  is  to  be  found  in  their  writings.  A  shower  of 
aerolites  is  evidently  intended  by  ^Eschylus,  when,  in  *  Prometheus 
Unbound/  he  alludes  to  Jupiter  drawing  a  cloud  together,  and  cover- 
ing the  land  with  a  shower  of  rounded  stones  instead  of  hail.  Livy 
mentions  a  shower  of  stones  which  fell  on  the  Alban  Mount  near 
Rome,  about  654  years  before  Christ,  in  the  reign  of  TuUus  Hostilius. 
Plutarch,  in  his  life  of  Lysander,  describes  the  appearance  of  a 
meteor,  about  405  years  B.C.,  from  which,  at  ^Egos  Potamos  in  the 
Hellespont,  near  the  modem  town  of  Gallipoli,  a  stone  fell,  which 
is  also  mentioned  by  the  Elder  Pliny  as  being  visible  in  his  time 
(500  years  later),  when  it  was  as  large  as  a  waggon,  and  had  ez- 
temally  the  appearance  of  having  been  burnt  In  the  early  part  of 
the  Christian  era  and  during  the  Middle  Ages,  at  least  in  Europe,  the 
records  of  the  fall  of  meteorites  are  extremely  meagre,  and  only 
some  seventy  falls  are  noted  up  to  the  year  1600,  of  which  the  only 
one  now  preserved  is  that  which  fell  at  Ensisheim  in  Alsace,  in 
1492,  in  a  wheat-field,  of  which  an  account  was  ordered  to  be  drawn 
up  by  the  Emperor  Maximilian.  The  stone  itself,  weighing  270  lbs., 
remained  800  years  hung  up  by  a  chain  near  the  altar  in  the  church 
at  Ensisheim,  until  the  French  Revolution,  when  it  was  carried  to 
Colmar,  and  pieces  broken  from  it,  one  of  which  is  still  in  the 
collection  of  the  Jardin  des  Plantes  at  Paris ;  the  remainder  was, 
however,  sent  back  to  the  church  at  Ensisheim,  where  it  now  remains. 

Notwithstanding  the  numbers  of  well -attested  cases  of  meteoric 
falls,  it  is  strange  to  find  these  wonderful  phenomena,  as  it  were, 
quite  ignored  by  the  astronomers  and  other  learned  men  of  the  last 
century ;  and  as  a  proof  of  the  apathy  evinced  by  those  of  France 
in  particular,  it  may  be  mentioned  that  on  the  occasion  of  the  re- 
markable and  well -authenticated  meteoric  fall  o{  t\iQ  l^\k  %^\A.^\£^t^ 
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1768,  the  three  stones,  or  rather  fragments  of  only  one  aerolite, 
notwithstanding  their  being  foand  at  three  places  so  distant  from 
one  another  as  to  form  a  triangle  of  180  miles  on  each  side,  were 
sent  to  Paris  for  the  consideration  of  the  Royal  Academy;  bnt  the 
subject  was  not  considered  by  that  learned  body  as  worthy  of  their 
attention. 

The  arrival  in  1777,  in  St  Petersburg,  of  the  great  mass  of 
meteoric  iron,  weighing  some  1500  lbs.,  discovered  by  the  Naturalist 
Pallas,  in  Siberia,  gave  rise  to  many  speculations  as  to  its  origin,  and 
ultimately  to  Chladni's  memoir  (Biga,  1794),  which  at  first  was  re- 
oeived  almost  with  derision,  the  idea  of  this  mass  having  fallen  from 
the  heavens,  which  he  maintained,  being  literally  laughed  at.     The 
heavens,  however,  may  be  said  to  have  come  to  his  aid,  for  it  was  only 
about  two  months  after  the  publication  of  his  work  that  a  shower  of 
aerolites  occurred  at  Sienna,  in  Tuscany,  nineteen  of  which  were 
secured,  one  of  them  having  out  through  the  hat  of  a  boy,  severely 
wounding  him;  and  in  the  following  year  a  meteoric  stone  (sub- 
sequently obtained  by  the  British  Museum),  weighing  56  lbs.,  fell 
at  Wold,  in  Yorkshire.     Sir  Joseph  Banks,  then  President  of  the 
Boyal  Society,  called  attention  in  ihe  same  year  to  the  similarity  of 
this  aerolite  with  a  specimen  of  those  from  Sienna  which  he  had 
recently  received ;  and  later,  in  1799,  did  the  same  with  regard  to 
another,  which  had  broken  through  the  roof  of  a  house  at  Benares, 
in  Hindostan,  subsequently  analyzed  by  Howard.     The  French  men 
of  science,  however,  were  not  to  be  convinced  as  yet ;  for  even  as  late 
as  1803,  M.  De  Luc  wrote  derisively,  "  I  believe,  since  you  declare  you 
have  seen  it,  but  I  would  not  believe  had  I  seen  it  myself."     On  the 
26th  April,  this  same  year,  however,  at  1  p.m.,  and  under  a  clear 
sky,  there  fell  at  L'Aigle  in  Normandy,  a  shower  of  aerolites  esti- 
mated to  exceed  3000  in  number,  of  all  sizes,  from  ^  of  an  ounce  to 
17  lbs.  in  weight,  causing  such  consternation  that  the  Grovemment 
despatched  the  celebrated  Biot  to  report  on  the  circumstances,  the 
results  of  which — in  conjunction  with  the  analyses  made  by  the 
chemists  Yauquelin  and  llienard,  who  found  them  to  have  the  same 
chemical  composition   as  the   meteorite  from   Benares,   previously 
analyzed  by  Howard — were  so  conclusive  as  to  set  all  questions  at 
rest  for  the  future,  even  in  France,  as  to  the  possibility  of  stones 
actually  falling  from  heaven,  and  to  cause  the  translation  of  Chladni's 
memoir  into  French. 

The  study  of  meteoric  phenomena  henceforth  assumed  an  im- 
portance not  previously  attached  to  it.  The  appearance  and  attendant 
phenomena  of  meteoric  falls  were  now  registered,  and  the  stones 
themselves  carefully  preserved  and  examined ;  and  it  may  be  men- 
tioned that  at  least  one,  if  not  more,  of  the  meteorites  which  have 
fallen  in  each  successive  year  from  1803  to  1871  (the  years  1816, 
1817,  1833  and  1845  alone  excepted)  are  now  to  be  met  with,  either 
in  public  or  private  collections. 

After  this  historical  sketch  of  the  subject,  we  may  proceed  to 
consider  the  main  features  connected  with  the  fall  of  meteorites.  All 
o£  jovL  ha,YQ  no  doubt  often  witnessed  shooting  or  falling  stars. 
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especiaUy  daring'  the  great  meteoric  displays  which  occur  in  the 
middle  of  the  month  of  November,  and  will  have  noticed  how  one 
of  them,  appearing  in  the  distance  as  a  mere  luminous  point  like  an 
ordiiiary  star,  becoming,  as  it  approaches  nearer,  larger  and  larger,  until 
it  looks  like  a  globe  of  fire  surrounded  by  a  bnlliant  vapour,  and 
having  a  tail  like  a  comet  In  the  day-time^  however,  on  account  of 
the  son's  light,  and  the  emission  of  smoke  and  vapour  from  the 
meteor  itself,  it  often  assumes  the  appearance  of  a  small  cloud  of 
nngular  form  and  colour,  and  in  both  cases  ultimately  bursts  with  an 
explosion.  The  apparent  size  of  meteors  is  very  deceptive,  even 
when  measurements  are  attempted  based  on  the  angle  made  by  their 
apparent  diameter  and  their  calculated  distance,  the  reason  being 
that  the  a|^)arent  diameter  is  not  that  of  the  solid  meteorite  itself, 
but  only  of  the  photosphere  or  illuminated  atmosphere  which  sur- 
rounds it;  for  this  reason  we  often  find  them  described  as  being  even 
as  laige  as  the  full  moon  for  example,  although  the  bulk  of  the 
meteorite  when  fallen  is  seen  to  bear  no  relation  whatever  to  such  a 
nse.  It  is  rarely,  however,  that  this  test  can  be  applied,  as  most 
commonly  the  meteors,  when  they  enter  our  atmosphere,  or  soon 
after,  burst  vnth  a  terrific  explosion,  scattering  their  fragments, 
often  thousands  in  number,  over  a  vast  area,  and  frequently  miles 
apart.  At  this  monwnt  it  occasionally  happens  that  the  fragments 
themselves,  whilst  still  in  the  air,  assume  the  appearance  of  so  many 
distinct  meteors  in  the  act  of  falling  to  the  ground.  The  noise  of 
the  accompanying  explosion  has  on  difiEerent  occasions  been  likened 
to  the  roll  of  thunder  or  of  drums,  the  report  of  artillery,  rattle  of 
musketry,  or  the  rumbling  of  a  heavy  waggon  or  train  over  a  bridge ; 
and  after  lasting  several  minutes,  this  noise  is  often  followed  by  a 
whistling  sound,  like  that  heard  when  a  stone  is  thrown  out  of  a 
sling,  which  is  caused  by  the  rush  through  the  air  of  the  stone  or  its 
fragments  as  it  descemls  to  tlie  earth,  into  >vhich  it  may  bury  itself 
several  yards  if  the  ground  be  soft,  or  if  meeting  rock  may  be  itself 
shattered  into  fragments  by  the  collision.  The  branches  of  trees  are 
often  broken,  and  the  decks  of  ships  or  roofs  of  houses  penetrated, 
and  there  are  numerous  instances  of  life  having  been  lost,  animals  or 
men  having  been  struck  down  by  the  stones.  Two  monks  were 
thus  killed  at  Cremona  and  Milan,  in  Italy ;  and  it  is  recorded  that 
an  aerolite,  weighing  8  lbs.,  falling  on  board  ship  at  Eochfort,  in 
France,  1614,  killed  two  Swedish  sailors. 

The  light  emitted  by  these  fireballs  or  meteors  is  extremely  bright, 
especially  by  those  which  travel  in  a  more  oblique  or  horizontal  direc- 
tion. In  some  instances  the  light  appears  to  have  been  oven  more  power- 
ful than  that  of  the  sun,  as  objects  have  been  known  to  throw  shadows 
in  bright  daylight  when  a  metoor  has  been  seen  in  the  heavens ;  more 
generally  it  has  been  compared  in  brightness  to  that  of  a  planet,  or 
to  the  electric  or  magnesium  li^^ht,  frequently,  like  the  latter,  leaving 
a  bright  track  or  trail  behind  it  remaining  visible  to  the  eye 
for  several  seconds  or  minutes  after  the  passage  of  the  body  itself. 
Whether  this  is  mesely  an  impression  left  on  the  retina,  or  ocular 
deception,   or  is  due  to  ^nely  divided  highly   vnoan'ii^&c^wV.  ^v)>k\ 
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it:er  throvn  off  fn>m  th«  meteor,  as  is  seen  on  a  small  scale 
with  ih^  Qia^esimu  light,  is  a  problem  as  yet  misolved*  The  oolour 
cf  th^  lurht  15  usuallv  white  next  the  senith,  changing  to  bluish  or 
i^'Eu^ciuxciiL  revidUh  otct  uie  h:n£-:n.  the  nucleus  being  oftener  red  or 
iie^>  cru:*??.  whils;  the  '^iil  is  Kuuh  or  more  rarely  reddish.  The 
rae:e*.T*  ;:  N.*v.  7.  ITj*;^.  *ai  Oct.  2o.  ISOl.  emitted  a  greenish 
li^:»  tr.«.**^ht  by  dcc>e  to  indk.'tftte  the  presence  of  copper.  Although 
the  rLv*;- ri:y  of  =:•=€«£%:  r*  seen  in  Eurojie  show  primitive  colours,  it 
a(*iviir»  fr.si  ^  Cbiu-^iK  i^xiris  tL.a  lilac  and  other  compound 
ivl.*ur*  ATS?  xicre  :re%j.ir:c:  is.  ^hiju  country. 

'l"bje  luuii.:i«:<M.:y  ,'•  =i^:c%o»  is  tio«t  regarded  as  due  to  tiieir  being 
aoc*jJL*.>  burtii?^  Kxi:<e«.  bat  is  iis*.:illy  tiurlbuted  to  their  being  sur- 
r.'CU'>A:  by  as  A:tn>*pa--re  rendered  l::ni::oi»  through  the  enormous 
yrec«^rv  iu«  to  the  nte  at  which  they  dy  through  the  heavens 
^i  x'^'.viTv  of  twenty  miles  per  second  bieing  equal  to  a  pressure  of 
1,V- .«.*.'  A:m.>sphere«f ;  an  explanation  no;  altogeth^  satisfactoiy 
k-.'w«vt*r.  ;feeing  that  whilst  they  are  obsenred  to  be  less  luminous 
af^er  er.:ering  our  atmo.sphere,  they  are  very  brilliant  at  altitudes 
Ivy oc  .1  it  where  the  air  must  be  so  rarefied  as  to  be  nearly  a  vacuum 
iw:  containing  ^tt^to  ^^  oxygen ;  a  difficulty  which  made  Poisson 
»iui;gest  that  the  luminosity  of  meteors  might  be  due  to  electrical 
phenomena.     Various  calculations  make  the  velocity  of  meteors  to 
be  from  sixteen  to  thirty -two  miles   per  second.     It  is  evidently 
grsater  than  that  of  the  eaith's  rotation,  since  meteors  are  often  seen 
to.  as  it  were,  catch  up  and  outstrip  the  earth.     The  enormous  resist- 
ance which  bodies  mo\*ing  at  such  high  speeds  must  encounter  from 
the  air,  when  they  once  enter  our  atmosphere,  sufficiently  explains 
why  they  do  not  do  greater  damage,  or  why,  as  at  fiessle  in  Sweden, 
the  two  pound  stone  which  fell  on  the  ice  only  scored  it  up  some 
three  or  four  inches,  and  relxjunded,  instead  of  breaking  through  it 
Several  meteorites,  and  especially  the  one  last  referred  to,  contain 
4X>n8iderable  carbonaceous  or  combustible  matter,  and  this  may  pos- 
sibly explain  why,  in  certain  instances,  meteorites  have  been  seen  to 
fall  or  burst  into  fragments,  and  apparently  bum  away  without 
leaving  any  or  but  very  little  solid  matter  behind. 

Meteorites  are  known  to  have  fallen  in  all  climates,  seasons  of  the 
year,  and  hours  of  the  day  and  night,  but  any  generalization  on 
these  points  in   the  present  incomplete  state  of  our  knowledge 
would  be  premature  ;  it  being  only  comparatively  of  late  years  that 
attention  has  been  directed  to  their  registration,  which  in  itself  ex- 
plains why  only  about  100  falls  were  recorded  between  the  years 
1000  and   1800,  a  period  of  eight  centuries,  whilst  no  less  than 
191  have  already  been  observed  in  the  first  sixty  years  of  the  present 
•century,  and  it  is  more  than  prubalde  that  a  far  larger  number  fall 
into  the  sea,  at  night,  and  in  out-of-the-way  places,  than  those  which 
oome  under  scientific  observation.     Schreibers,  however,  taking  the 
dumber  of  instances  recorded  in  the  quarter  of  a  century  lietween 
1790  and  1815,  and  the  relation  of  the  surface  area  on  which  they 
iB  to  that  of  the  entire  earth,  showed  that  about  700  meteorites  fell 
mmmnam,  which  iM  equivalent  to  about  on^  m  each  year  on  a  tract 
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of  oountry  as  lar^  as  Great  Britain  and  France  united,  an  estimate 
which  is  probably  under  the  truth/ 

Taming  now  to  the  chemical  and  minendogical  composition  of 
meteorites,  it  may  be  premised  that,  in  these  respects,  they  are  so 
distinct  fit>m  any  known  terrestrial  product  as  not  to  lead  to  any 
risk  of  their  being  confounded  with  such,  and  also  that  meteorio 
itones  pertaining  to  each  of  the  three  di£ferent  classes  of  meteorites 
ibout  fa  be  mentioned  possess  a  wonderful  resemblance  to  one 
laother,  quite  irrespectiviB  of  the  part  of  the  world  they  may  come 
from. 

The  three  classes  into  which  meteorites  are  divided  are  called-^ 

Aerolites  proper,  i.e.  atmospheric  stones  or  rocks ; 

Sideriles,  or  mcusses  of  meteorio  iron ;  and 

Siderolites,  which  are  a  mixture  of  both  the  former* 

The  stones  of  all  these  classes  are,  upon  touching  the  earth,  found 
to  be  extremely  hot,  and  the  more  so*  in  proportion  as  they  are  good 
oonductors.  The  siderites  which  fell  at  Agram  were  almost  on  the 
point  of  fusion ;  whilst  aerolites  liave  sometimes  been  found  semi- 
plastic,  so  as  to  receive  impressions  from  or  even  entangle  substances 
on  which  they  have  fallen ;  the  sole  e^cception  we  know  of  being  that 
of  a  stone  which  fell  at  Dhurmsalla  in  the  Punjaub,  which  the  coolies 
who  picked  it  up  declared  to  have  been  so  cold  as  to  benumb  their 
fingers  and  make  them  instantly  drop  it, — a  statement  strangely  at 
▼arianoe  with  the  vitreous  black  glaze  on  its  exterior,  due  to  the 
rapid  fusion  of  its  exterior  in  its  pctssage  through  the  air — and  the 
whole  reminds  us  of  the  celebrated  Chinese  delicacy  "  baked  ice." 
This  Uack  glaze,  or  varnish  as  it  is  sometimes  called,  is  so  character* 
istic  of  aerolites,  that  only  one  exception  is  known  (from  Chanton- 
nay).  It  is  usually  so  thin  as  not  to  attain  the  thickness  of  an  egg" 
shell,  and  frequently  covers  the  exterior  of  stones,  which,  from  their 
shape,  are  evidently  only  fragments  of  larger  masses,  so  that  it  must 
have  formed  after  the  explosion  which  shattered  the  parent  mass ; 
and  here  it  may  be  remarked,  that  aerolites  when  found  are  rarely 
entire;  thus  for  example,  at  Gurucpoor,  in  1861,  stones  obtained,  after 
the  explosion  of  the  meteor,  miles  apart,  were  found  to  fit  into  one 
another,  and  had  evidently  formed  part  of  one  large  mass. 

Mineralogically,  the  siderites  or  metallic  meteorites  consist  mainly 
of  an  alloy  of  iron  with  from  one  to  fifteen  per  cent,  of  nickel, — an 
alloy  altogether  different  in  chemical  composition  and  physical 
stmctnre  from  any  known  product  of  terrestrial  origin,  whether 
natural  or  artificial.  This  nickeliferous  iron,  owing  to  its  being  less 
oxidizable  than  pure  iron,  is  capable  of  resisting  atmospheric  iii- 
flnences  for  periods  in  which  similar  masses  of  ordinary  iron  would 
have  rusted  away  into  powder ;  and  it  is  mainly  for  this  reason,  in 
conjunction  with  its  superior  toughness,  which  prevents  its  being 
easily  broken  in  its  descent  to  the  earth  as  aerolites  do,  that  most  of 
the  largest  metorites  now  known  belong  to  the  class  of  siderites — as, 
for  example,  one  at  Bahia  in  Brazil,  weighing  nearly  7  tons ;  another 
in  the  Chaoo,  also  in  South  America,  estimated  at  13  ton«  \  vsssL  l\v^ 
largest  of  aU  the  known  meteorites,  whicli  a  few  monticA  m^Q  "^^i^ 
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brought  back  from  Ofivak  in  Greenland  by  the  Swedish  Arctic 
Expedition,  which  I  have  examined,  and  which  is  calculated  to 
be  some  22  tons  in  weight  Imbedded  in  such  masses  of  native 
iron  are  occasionally  found  the  minerals  Troilite  and  Schreibersite, 
the  first  a  combination  of  iron  and  sulphnr,  and  the  latter  of  iron 
and  nickel  with  phosphorus,  neither  of  which  have  as  yet  been  met 
with  on  earth ;  and  in  addition  to  these  several  silicates,  particularly 
olivine  and  others  containing  magnesia,  which  constitute  the  mass  of 
the  stony  meteorites  or  .aerolites  proper.  These  latter^  owing  to 
their  much  greater  brittleness,  are  more  liable  to  be  shattered  to 
pieces  either  by  the  aerial  •explosion,  or  in  the  act  of  fedling,  and 
therefore  are  not  often  found  of  such  dimensions  as  the  siderites. 
Amongst  the  largest  known  may  be  mentioned  the  one  recorded  by 
Pliny,  which  was  of  the  size  of  two  millstones ;  the  largest  of  about 
1000  fragments  which  fell  at  Knyahinya,  which  weighed  550  lbs. ; 
the  Ensisheim  and  Juvenas  stones  respectively  280  and  240  lbs., 
and  probably  also  the  one  which  fell  at  Fezzan  on  the  25th  Dec., 
1869,  said  to  weigh  nearly  three  tons. 

Instead  of  reading  out  a  list  of  all  the  minerals  which  are  found 
in  meteorites,  I  will  merely  state  that  it  includes  metallic  compounds 
of  iron  with  nickel ;  sulphur ;  carbon  in  the  fonns  of  graphite  and 
hydrocarbons,  some  six  distinct  silicates,  three  sulphides,  one  phos- 
phide, five  oxides,  and  a  mineral  Osbomite  whose  composition  is 
unknown ;  besides  these,  Gypsum,  Epsomite,  calcite,  apatite,  Titanite 
and  the  chlorides  of  iron,  sodium,  potassium  and  ammonium,  have 
boon  met  with,  but  may  be  regarded  as  somewhat  doubtful,  or  due  to 
the  subsequent  alteration  of  the  original  mineral  constituents  of  the 
toeteorite  by  exposure.  The  mineral  species  which  have  been  found 
in  meteorites  are  as  follows : — Sulphur ;  Carbon  amorphous  and 
graphitic;  Bitumen,  a  crystallizable  hydrocarbon;  Osbomite;  Chlad- 
nite;  Enstatite  (Bronzite,  Piddingtonite),  Lancite? ;  Augite ;  Olivine; 
Anorthite  ?  ;  Labradorite  ?  ;  Tridymite  ? ;  Chromite  ;  Magnetite ; 
Oassiterite  ;  Titanoferrite  ?  ;  Troilite,  Pyrrhotine  ? ;  Oldhamite  ; 
Schreibersite ;  Metallic  iron  containing  carbon  called  Campbellite 
and  Calypite  by  Mounier,  and  the  alloys  of  iron  with  nickel  to  which 
the  names  Tsenite,  Eamacite,  Plessite,  and  Octibhehite  have  been 
applied  by  the  same  mineralogist. 

A  review  of  the  chemistry  of  meteorites  teaches  us  that  they  are 
composed  only  of  those  elements  which  we  know  to  exist  on  earth, 
and  as  they  have  not  a£forded  us  any  new  element,  we  may  conclude 
that  the  more  distant  parts  of  the  universe  are  also  composed  of  the 
same  elements  as  our  globe.  Of  these  elements  (in  all  sixty-four) 
nineteen  have  been  proved  to  occur  in  meteorites,  which  consist  of 
of  six  non-metallic  bodies :  Silicon,  Carbon,  Sulphur,  Phosphorus, 
Oxygen,  and  Hydrogen ;  five  metals  of  the  alkalies  and  earths — Potas- 
sium, Sodium,  Aluminium,  Calcium,  and  Magnesium ;  and  eight 
other  metals — Iron,  Nickel,  Cobalt,  Manganese,  Chromium,  Copper, 
Tin,  and  Titanium.  Traces  of  seven  more  have  been  reported,  but 
lii/iy  be  regarded  as  doubtful,  viz.,  Chlorine,  Antimony,  Arsenic, 
JLead,  Olucinum,  Yttrium,  and  Zviconixmi.    lixi  idea  of  Uie  general 
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per-oentage  composition  of  aerolites  will  be  best  obtained  by  a 

g:1aiioe  at  the  figures  here  given,  which  show  the  average  of  the 

nmnerioal  results  of  all  the  most  tmstworthy  chemioal  analyses 

made  up  to  date,  as  calculated  by  Reichenbach: — 

SQieA 40*00  Chromium 0*50 

Iron    25*00  Mang^ese 0'S3 

Magnesia    20*00  Sodium      0*33 

Alomina     2*00  Other  elements 1*34 

Snlphnr     2*00  Oxygen,  Hydrogen,  and  loss    ...  5*50 

lCu»cd 1'50  ■ 

lime «•  1*50  100*00 

One  of  the  most  extraordinary  points  in  the  chemistry  of 
meteorites  is  the  disoovery  made  by  the  late  Professor  Graham, 
that  meteorio  iron  contains,  occluded  in  its  substance,  a  large  amount 
of  hydrogen  gas,  which  may  be  regarded  as  a  sample  of  the  atmo- 
sphere in  which  it  was  formed,  and  consequently  as  indicating  oos- 
mical  conditions  totally  different  from  those  which  obtain  on  our 
sphere. '  It  is  also  strange  that  the  metal  nickel,  which  is  compara- 
tively  rare  on  earth,  and  never  occurs  in  the  metallic  or  alloyed 
state,  should  be  so  constant  in  meteorites  of  all  classes. 

We  now  come  to  the  most  abstruse  part  of  our  inquiry,  The 
Origin  of  Meteorites — a  problem  which  from  its  nature  must,  to  a 
great  extent  at  least,  depend  for  its  solution  on  theoretical  deductions. 
Speculations  on  the  origin  of  falling  stars  seem  to  have  early  engaged 
the  mind  of  man,  and  hypotheses,  often  as  strange  as  they  are 
numerous,  were  brought  forward  to  account  for  these  phenomena. 
Thns  the  old  Lithuanian  mythology  explains  falling  stars  by  sup- 
posing that  at  the  birth  of  each  infant  which  comes  into  the  world, 
the  Spinstress  Werpeja,  who  spins  the  thread  of  its  destiny,  attaches 
a  star  to  its  extremity,  which  then  hangs  up  in  the  heavens  and 
shows  its  light  as  long  as  the  being  it  represents  lives,  but  with  the 
termination  of  its  mortal  career,  the  thread  breaks,  and  the  star, 
falling  to  the  earth,  becomes  extinguished. 

The  ancient  Greek  philosophers,  who,  although  they  paid  but  little 
attention  to  natural,  and  especially  observational  science,  did  not, 
however,  neglect  to  occupy  themselves  with  speculations  on  the 
origin  of  meteoric  phenomena,  and  advanced  several  hypotheses  to 
account  for  falling  stars  and  meteorites,  which  it  must  be  admitted 
actually  contain  the  germs  of  most  if  not  all  the  more  modem 
theories.  One  of  these  hypotheses  explained  meteorites  to  be  masses 
of  matter  previously  raised  from  the  earth's  surface  by  tempests, 
which  had  again  fallen  down  ;  and  Plutarch  mentions  that  Anaxa- 
goras  taught  that  the  ether  surrounding  the  earth  is  fiery  in  nature, 
and  by  the  force  of  its  circumvolution  tears  away  masses  of  rook 
from  the  earth,  sets  them  on  fire,  and  turns  them  into  stars.  It  is 
not  necessary  to  make  more  than  mere  mention  of  this  hypothesis  ; 
but  it  may  be  noticed  as  a  curiosity,  that  in  August,  1858,  a 
•apposed  meteoric  shower  fell  at  Birmingham,  throwing  down 
numerous  pieces  of  black  stone,  rounded  on  the  edges,  and  about 
the  size  of  walnuts.  The  chemical  analysis  of  these,  however,  showed 
them  to  be  fragments  of  the  Eowley  Hills  basalt,  w\^c\i  \iaA  eVvii^'D^TS 
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bcou  u;$eJ  for  macadamizing  roads,  and  which,  afler  having  been 
takvu  up  by  a  whirlwind,  had  descended  subsequently  by  their  own 
weight.      Another   suggestion   was.  that   they  originated  from  the 
c^tudeusatiou  of    vapours  arising  fiom   the  earth,   an   idea  which 
appears  to  have  been  entertained  by  Kepler,  and  which  in  variooi 
modi  tied  forms  has  reappeared  from  time  to  time.   Thus,  Fusinieri 
imagined  meteorites  to   be   derived  from  gases,   holding  metallic 
matters  in  solution,  present  in  the  upper  strata  of  our  atmosphere, 
which  suddenly  coalesced  and  condensed  themselves  into  such  solids. 
It  is  hardly  necessary  to  state  that  the  chemical  composition  of  the 
atmosphere  proves  it  not  to  contain  the  elements  of  meteorites,  and 
physically  it  is  almost  beyond  conception  to  imagine  the  vast  quantity 
of  the  enormously  attenuated  atmosphere  reipiisite  to  form  by  its  con- 
densation a  solid  like  the  masses  of  meteoric  iron  previously  referred 
to.     Something  like  this  idea  was  also  brought  forward  much  more 
recently  in  France ;  the  supposition  being  that  our  atmosphere  was 
charged  with  what  was  termed  meteoric  dust,  which  contained  iron, 
nickel,  and  the  other  elements  of  meteorites,  and  from  which  they 
were  formed  by  a  similar  process  of  condensation.    It  was  even 
asserted  that  such  dust  could  be  collected  on  the  summits  of  our 
higher  mountains,  but   neither  facts    nor  theory  corroborate   this 
hypothesis  any  more  than  the  former.     That  they  came  from  the 
8un  is  an  opinion   alluded  to  by  Diogenes  Laertius,  and  also  by 
Anaxagoras,  who  was  persecuted  by  the  theologians  of  his  day  be- 
cause he  maintained  that  the  smi  must  be  a  molten   fiery   mass. 
Pliny  ridiculed  this  idea,  but  some  forty  years  ago  the   late  Mr. 
Brayley  advanced  the  suggestion  that  meteorites  wore  formed  by  the 
condensation  of  the  gaseous  emanations  from  the  sun,  and  considered 
this  view   bomo   out   by    Soiby's   discovery   that  some    parts  of 
meteorites  had  a  structure  probably  due  to  sublimiltion  and  segrega- 
tion.    Still  more  recently,  in  1870,  j\Ir.  Williams,  in  his  work  on 
the  fuel  of  the  sun,  considers  them  to  be  solar  pnvjectiles  which  had 
passed  the  boundaries  of  the  zodiacal  light,  and  brings  to  his  aid 
the  recent  spectroscopic  discoveries  of  Uie  preponderance  of  hydrogen 
in  the  sun's  atmosphere,  in  connexion  with  the  fact  of  that  gas  being 
found  occluded  in  meteoric  iron. 

It  would  also  appear  that  the  ancients  held  the  idea  that  the 
aerolites  fell  from  the  moon,  for  Pliny  and  other  writers  mention 
their  watching  for  falls  of  stones  from  the  sky  during  the  eclipses  of 
the  moon ;  an  occurrence  which  the  Syrians  still  believe  takes  place 
on  clear  moonlight  nights.  When  in  later  times  the  moon's  surface 
was  shown  to  be  eminently  volcanic,  the  conjecture  that  meteorites 
might  be  bodies  projected  from  volcanoes  in  the  moon  became 
generally  entertained,  and  was  investigated  by  Laplace,  Olbers,  and 
others ;  Laplace's  calculations  militating  against  this  hypothesis  by 
showing  that  even  if  thrown  out  of  a  volcano  of  the  moon  with  an  initial 
speed  of  7771  feet  per  second,  they  would  require  two  days  and  a  half 
to  reach  the  earth,  which  would  be  a  speed  far  less  than  the  number 

miles  per  second  we  know  them  actually  to  travel  at.     The  same 
"nent  also  refutes  the  idea  tici&t  \kei^  m\\^h.t  have  been  bodies 
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hrowxi  up  from  terrestrial  yolcanos  whioh  had  subsequently  fallen 
lown  again,  independent  of  the  fact  that  no  such  Yolcanio  products 
IB  meteorites  are  known,  and  that  the  force  required  to  project 
naiwoa  to  such  an  altitude  as  meteorites  aie  known  to  descend  from 
8  &r  beyond  that  developed  by  known  vblcanos.  A  century  ago, 
irben  European  philosophers  seem  rather  to  have  shirked  the  inves- 
igation  of  many  of  the  more  abstruse  natural  phenomena,  it  was 
nifltomary  to  regard  meteorites  as  mere  atmospheric  appearances, 
ike,  for  example,  lightning, — an  explanation  which,  in  face  of  so 
nuoh  evidence  to  the  contrary,  is  no  longer  entertainable;  so  that  we 
nnst  proceed  to  the  consideration  of  the  only  remaining  explanation 
}f  these  phenomena,  one  which  also  had  its  root  in  the  suggestion  of 
the  ancient  Greeks,  that  they  originated  in  celestial  space  as  heavenly 
bodies  which  had  long  remained  invisible,  a  supposition  which  was 
but  little  modified  when,  at  the  end  of  the  last  century,  Gliladni  de- 
clared meteorites  to  be  an  accumulation  of  matter,  originally  created  as 
BQch  or  fragments  of  larger  masses,  moving  in  space.  This  view  was 
Bocepted  by  most  later  men  of  science,  by  whom  it  became  gradually 
more  and  more  developed,  and  of  late  years  especially  so,  by  the 
iaboors  of  Schiaparelli,  so  that  the  united  results  tend  to  demon- 
Btnite  that  falling  stars,  meteors,  and  meteorites  or  aerolites,  are  all 
similar  bodies,  differing  in  size,  but  not  in  composition,  and  that  the 
Dumerous  meteors  which  traverse  the  celestial  space  are  furnished  by 
oertain  if  not  all  the  comets,  and  probably  identical  with  the  comets 
themselves.  These  bodies,  owing  to  the  remarkable  elongation  of 
&eir  orbits,  do  not  appear  to  have  formed  part  of  our  system  as  at 
drat  constituted,  but  to  have  been  wandering  nebulsB  brought  within 
the  influence  of  the  sun's  action.  Meteors  do  not  belong  to  the 
[>lanetary  system,  but  to  the  stellar  regions  beyond,  and  are  in 
reality  falling  stars,  which  bear  the  same  relation  to  comets  that 
Mteroids  do  to  planets ;  in  both  cases  the  smaller  size  is  made  up 
by  the  greater  numbers. 

The  structure  of  aerolites  shows  them  not  to  be  mere  masses  of 
previously  molten  matter,  for  not  only  is  the  external  vitrified  glaze 
dxtoemely  thin,  but  the  structure  itself,  instead  of  being  homogeneous 
3r  crystalline  throughout,  as  would  have  been  the  case  had  the  whole 
been  in  a  state  of  fusion,  is,  as  a  rule,  seen  by  the  eye  or  under  the 
microscope  to  be  an  aggregation  of  fragmentary  matter  resembling 
I  yolcanio  ash  or  breccia,  in  which,  whilst  some  of  the  particles  have 
been  in  a  molten  state  (the  presence  of  both  glaiss  and  air  cavities  in 
^em  indicating  that  they  were  in  the  molten  state  when  gases  or 
vapours  were  being  given  off),  others  show  no  signs  of  fusion ;  so 
bbat  the  structure  of  meteorites  confirms  the  views  that  they  have 
been  formed  out  of  the  debris  of  some  previously  existing  larger 
oiass,  or  even  out  of  the  ruins  of  some  planetary  body. 

When  the  vastly  elongated  elliptical  paths  extending  far  beyond 
mr  system  into  stellar  space,  in  which  these  bodies  move,  happen  to 
sroM  or  approach  closely  to  our  sphere,  those  meteors  which  are 
nearest  to  the  earth  may  be  drawn  towards  it  by  its  atttai&\\oii\  «sA 
jnoe  brought  within  its  atmosphere,  their  cosmical  coutbi^  ^oxil^X^ 
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abruptly  terminated,  and  they  would  fall  down  with  snch  rapidity  as 
to  develope  by  the  friction  and  oxidating  effects  of  the  air,  intense 
heat,  whereby  the  external  surface  would  be  fused  so  as  to  form  the 
Titreous  glaze  so  peculiar  to  aerolites,  whilst  at  the  same  time  the 
white  hot  air  would  form  a  luminous  envelope  around  them;  the 
whole  ultimately  bursting  with  one  or  more  explosions,  either  from 
the  expansion  of  the  gas  contained  or  occluded  within  the  meteorite 
itself,  or,  as  has  been  suggested  by  Haidinger,  from  the  collapse  of  a 
sort  of  vacuum  ball  formed  around  them. 

Meunier,  who  has  of  late  written  more  copiously  than  conoisdj 
on  the  subject  of  meteorites,  whilst  believing  them  to  be  fragments 
of  broken -up  planets,  regards  these  bodies  as  but  the  last  stage  in 
the  evolution  of  planetary  bodies,  and  suggests  that  the  moon  is  rapidly 
coming  to  this  stage  from  the  irn^larities  and  incipient  fissures 
visible  on  its  surface,  its  dissolution  not  having  taken  place  before, 
owing  to  its  greater  magnitude:  arguing  still  further,  that  once  broken 
up  into  fragments,  these  would  arrange  themselves  concentrically 
according  to  their  densities,  those  which  before  formed  the  central 
])art  of  the  planet,  which  he  regards  as  most  heavy  and  metallic,  on 
the  outside,  and  the  others,  according  to  their  weight,  in  the  interior, 
lliis  arrangement  he  considers  accoimts  for  the  siderites  or  meteoric 
irons  having  first  fallen  in  the  earliest  ages  of  the  world,  then  the 
siderolites,  and  afterwards  the  stone  or  aerolites  proper ;  and  owing 
to  the  meteorites  of  some  recent  falls,  pai'ticularly  that  of  Hessle  in 
Sweden,  having  contained  considerable  carbon,  he  predicts  the  fall 
of  a  totally  different  class  of  meteorites  in  future.     These  hypothesea 
seem,  however,  to  be  but  mere  assumptions  incapable  of  proof,  for 
although  only  some  very  few  instances  of  siderites  having  fallen  in 
historic  times  are  recorded,  as  compared  to  the  much  larger  number 
of  aerolites,  still  there  is  no  proof  that  the  proportion  was  different 
in  prehistoric  times,  especially  as  it  is  well  known  that  the  latter 
would  be  infinitely  more  likely  to  escape  observation  than  the  former. 
Before  concluding,  although  I  fear  I  have  already  tried  your  patience 
too  long,  I  would  still  direct  your  attention  to  one  point  more  con- 
nected with  the  study  of  meteorites,  which  is  the  use  of  such  bodies 
in  the  economy  of  nature ;  and  unpromising  and  speculative  as  such  a 
problem  is,  I  may  mention  that  two  attempts,  differing  widely  in 
their  direction,  have  already  been  made  to  solve  it.     The  first  of 
these,  made  some  time  back  by  the  German  astronomer  Mayer,  and 
indorsed  by  the    elaborate    calculations  of   Sir  William  Thomson 
(who  is  understood,  however,  to  have  lately  changed  his  opinions), 
is  to  the  effect  that  the  loss  of  heat  which  the  sun  radiates  year  by 
year  from  its  surface,  and  which  is  so  essential  to  the  well-being  of 
the  universe,  is  restored  to  it  by  the  continual  impact  of  meteorites 
falling  into  its  surface;  and  tlie  other  is  the  stUl  more  startling 
hypothesis  of  Sir  William  Thomson  himself,  which  maintains  that 
the  origin  of  life  on  our  globe  (and  the  introduction  from  time  to 
time  of  new  species)  is  due  to  the  arrival  of  aerolites,  which,  being 
fragments  of    other  worlds  or  planets  upon   which  life  already 
'Jeted,  bad  carried  with  them  the  germa  ot  ^eoi,  ot  even  "  living 
mts  or  animalsy"  to  populate  and  '{\aivt  owt  s^eie. 
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Not  being  Tersed  in  astronomy,  I  dare  not  even  venture  to  criticize 
the  first  of  these  h3rpothe8es ;  but  as  regards  the  second,  I  cannot  but 
ri^ard  it  as  in  the  highest  degree  visionary  and  improbable,  if  for 
no  other  reasons  than,  firstly,  because  the  now  generally  received 
theory  of  meteors  teaches  us  to  regard  them  as  bodies  which  have 
been  revolving  probably  for  countless  ages  in  space  devoid  of 
atmospheric  conditions  requisite  to  sustain  life  ;  and,  secondly, 
because  the  meteorites  we  are  acquainted  with  have  in  their  descent 
had  their  external  surface  actually  melted  by  the  intense  heat  pro- 
daced  by  the  friction  and  oxidation  of  the  air,  so  that  the  very 
•apposition  that  any  vegetable  or  animal  being,  seed  on  germ,  could 
by  any  possibility  retain  its  vitality  or  reach  Uie  earth  unconsumed, 
seems  to  me  in  the  very  highest  degree  improbable. 


Atjstbo-Hungabian  Coal  Supply. 
Dab  Yorkommen,  die  Production  uio)  Cibculation  des  miveral- 

ISCHEN     BrENNSTOFFES     IN     DER     dSTERREICHISGH-UNGARISOHEN 

MoNAR€His  m  Jahre  1868.    Yon  F.  Foetterle.     (Jahrb.   der 
k.  k.  geol.  Beichsanst.^  1870.) 

THE  distribution,  the  production  and  consumption  of  coal  in  this 
monarchy  is  clearly  shown  by  a  large  and  well-executed  map, 
which  appeared  a  short  time  ago,  published  by  order  of  the  Austrian 
Qovemment,  and  drawn  by  F.  Foetterle,  who  also  gave  a  short 
explanation  of  it  The  map  is  on  the  scale  of  1-1,296,000,  and  the 
formation  to  which  the  coal  belongs  is  shown  by  five  different 
colours.  A  glance  at  the  map  will  convince  every  one  of  the  scanty 
distribution  of  this  important  mineral  over  the  enormous  surface  of 
the  Austro-Hungarian  dominions,  and  that  most  of  the  coal  be- 
longs to  the  western  and  the  central  districts. 

a.  True  Coal-measures  Coal  is  found  in  Bohemia,  in  Moravia,  and 
Austrian  Silesia,  in  the  Alps  and  in  the  Hungarian  dominions. 

fr.  Trias  and  Lias  Coal  in  the  Alps,  in  Hungary  and  in  the  Banat 

c.  Cretaceous  Coal  in  Moravia,  in  the  Alps,  and  in  Hungary. 

d.  Eocene  Coal  (sometimes  still  showing  the  structure  of  the  wood, 
then  called  Lignite,  but  generally  a  good  black  coal,  which,  when 
burnt,  cakes,  and  is  excellent  for  gas  manufacture)  is  chiefly  found 
in  the  Alps^  where  it  is  embedded  in  Cosina  beds,  below  the 
Nummulite  Limestone ;  Carpano  near  Albona,  the  large  Coal-basin 
of  the  Marburg  district,  Sotzka,  Eibiswald.  The  coal  of  Haring, 
in  Tyrol,  belongs  to  a  higher  horizon  of  the  Focene,  as  does  also 
the  coal  of  Monte  Promina  and  of  Scbenico  in  Dalmatia.  The  coal 
of  Gran,  in  Hungary,  is  also  of  Eocene  age. 

e.  Neogene  Coal  forms  large  basins  in  Moravia,  Bohemia,  Ghdicia, 
Bucovina,  and  in  the  north  and  south  zones  of  the  Alps  and  in 
Hungary. 

A  glimoe  at  the  accompanying  map  of  the  distrlbTxlioTi  o^  ict^s^ 
fuel  in  Anstns  ahowa  at  once  how  insignificant  is  ihd  ex\AXi\.  ol  V<st 
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coal-basins  in  comparison  with  the  Coal-formations  of  England, 

North  America,  or  even  Prussia. 

England  has      -        -  '      -        -        8,960  square  miles  of  ooaL 
North  America  -        -        -        -     100,528      ,,         y^        „ 
Province  of  Silesia  in  Prussia      -        1,280      ,,         ,f        „ 
Austria  (as  near  as  possible)        *>        1,200      „         „        „ 
The  whole  produce  of  coal  of  all  formations  in  Austria  and  Hnn- 

gaiy  amounted  during  1868,  in  round  figures,  to  6,800,000  tons. 

0.  L.  G. 


Geological    Sooiity   op    London.  —  March    6,    1872*  —  Prot 
Duncan,  F.R.S.,  Vice-President,  in  the  Chair. — The  following  com- 
munications were  read  : — I.  "  Frognathodus  Ountheri  (Egerton),  a 
new  G^nus  of  Fossil  Fish  from  the  Lias  of  Lyme  Regis."    By  Sir  P. 
de  M.  Grey-Egerton,  Bart,  M.P.,  F.R.S.,  F.G.S.    In  this  paper  the 
author  described  a  new  form  of  fossil  fish,  having  a  broad  premaxQ- 
lary  plate  somewhat  resembling  the  incisor  tooth  of  a  gigantic 
Rodent,  a  single  maxillary  plato  like  that  of  Callorhynchus,  and  a 
mandibular  dental  apparatus  closely  resembling  that  of  CochliodM* 
For  tbis  form   he  proposed  the  establishment  of  the  new  genuB 
PrognathoduSf  and  named  the  species  P.  GUntheri,     Ischyodus  JoH- 
aoni,  Agassiz,  also  probably  belongs  to  this  genus,  as  it  agrees  with 
P.  Guntheri  in  the  characters  of  the  premaxillary  teeth.     The  author 
was  doubtful  as  to  the  exact  position  of  this  genus,  which  had  a 
head  extended  in  a  horizontal  instead  of  a  vertical  plane,  suggesting 
a  resemblance  to  ZygcBna^  but  covered  with  hard  plates  like  the  head 
of  a  sturgeon,  and  exhibited  in  the  dental  apparatus  the  curious 
combination  indicated  above. 

Di8cus:«iON. — Dr.  Giinthcr  pointed  out  the  interest  attaching  to  the  dentition  of 
this  fossil  fish  as  being  an  additional  evidence  in  fuTour  of  the  connexion  between  the 
Ganoid  and  Chimseroid  forms.  The  existence  of  three  teeth  instead  of  one  on  each 
side  of  the  jaw,  as  in  Ceratodus  and  others,  presented  in  it  a  generic  character ;  but 
the  type  was  still  the  same.  On  one  point  he  slightly  ditfered  from  the  view  oif  the 
author,  and  that  was  as  to  the  application  of  the  terms  maxillary  and  premaxillary  to 
the  teeth.  He  thought  the  former  belonged  rather  to  the  pterygo-palatinu  areh,  and 
that  the  teeth  in  the  front  of  the  jaw  should  be  regarded  as  vomerine.  He  illustrated 
this  by  reference  to  the  jaws  and  aentition  of  sharks,  Chimoeroids,  and  certaia  Ganoids. 
In  these  the  teeth,  instead  of  being  connected  with  the  roaxillarv  and  premaxillary 
bones,  were,  in  fact,  connected  with  the  pterygo-palatine  arch.  He  considered  that 
this  furnished  additional  grounds  for  including  all  three  forms  in  one  subclass. 

Mr.  Etheridge  made  some  observations  as  to  the  horizon  in  the  Lias  in  which 
these  fossil  fishes  occurred.  He  believed  that  nine  out  of  ten  of  the  Lower  Lias 
species  came  out  of  the  upper  part  of  the  Bueklandi  limestone  series.  At  the  base 
of  the  cliff  at  Pinhay,  Lyine  Regis,  are  the  black  shales  of  the  Khatic  beds ;  above 
them  the  White  Lias,  in  which  there  are  no  fish,  though  they  occur  in  the  same 
horizon  elsewhere ;  above  these  a  series  of  shales,  with  Ostrea,  ana  above  these  again 
shales  and  limestones  with  Lima  gigantea  and  Ammonites  Bueklandi^  the  whole 
forming  the  Bueklandi  series.  The  fish-beds,  some  8  or  10  feet  thick,  contain  about 
eighty  species  of  fishes.  Above  this  horizon  fishes  are  almost  unknown  in  the  Lias 
of  Dorsetshire.  At  Barrow  fish  also  occur  in  the  Bueklandi  series,  though  somewhat 
lower  down.  In  other  cases  fish-remains  seemed  also  restricted  to  certain  horizons; 
^  and  the  exact  position  of  such  remains  as  these  was,  in  his  opinion,  an  important 
^mture  in  determimng  their  distribution  \K>Ui  Vn  \ime  ttiA  s^ua. 
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Sir  P.  l^gerton  corroborated  Mr.  Etheridge's  riews  as  to  the  localixation  of  epecies 
of  flab,  and  agreed  with  him  as  to  the  importanoe  of  recording  the  exact  poaition  of 
all  aneh  foMua. 

Prof.  Bamsaj  waa  gratified  to  find  that  these  connecting  links  between  different 
genera  were  being  discovered.  Thej  seemed  to  him  to  foreshadow  the  time  when 
the  word  'genns'  would  become  extinct;  while  at  the  same  time  the  careM  researches 
of  the  anthor  and  others  tended  more  and  more  to  establish  the  truth  of  the  great 
tiieory  of  evolution, 

2.  ''On  two  specimens  of  Ischyodrnf  from  the  Lias  of  Lyme 
Begis."     By  Sir  P.  de  M.  Grey-Egerton,  Bart.,  M.P.,  F.B.S.,  F.G.S. 

In  this  paper  the  author  noticed  a  new  example  of  the  greatly 
developed  rostrum  of  a  male  Chimaeroid,  an  inch  shorter,  more 
slender,  and  more  attenuated  at  the  apex,  than  that  of  lachyodua 
orihorhiniu,  Egerton,  having  a  projecting  median  rib  along  the  upper 
tnrfaoe,  and  the  tubercles  of  the  lower  part  smaller  and  fewer  than 
in  £  orihorhinus.  For  this  form  the  author  proposed  the  name  of 
L  l^torhinus.  Also  a  dorsal  fin-spine,  with  the  cartilages  to  which 
it  waa  articulated,  showing  the  mechanism  of  its  attachment  very 
clearly.  This  spine  differs  from  that  of  J.  orihorhinua  in  being 
ttraighter  and  smoother,  and  having  fewer  and  smaller  tubercles. 
The  anthor  regarded  it  as  probably  belonging  to  J.  leptorhinua, 

3.  ''How  ^e  Parallel  Beads  of  Glen  Boy  were  formed."  By 
Prof.  James  Niool,  F.G.S. 

In  this  paper  the  author  endeavoured  to  explain,  in  accordance 
with  the  marine  theory  of  the  origin  of  the  parallel  Beads  of  Glen 
Boy,  the  ooinddance  of  the  level  of  these  terraces  with  that  of  the 
different  cols,  and  also  how  the  same  sea  could  have  produced  ter- 
races at  different  levels  in  different  valleys.  He  assumed  that 
during  the  gradual  elevation  of  the  land,  the  gradual  closing  of  the 
straits  between  its  separate  masses  by  the  elevation  of  the  cols  above 
the  surface  would,  by  checking  the  eastward  flow  of  the  tidal  current, 
cause  the  sea-level  in  the  western  bays  to  remain  stationary  relatively 
to  the  rising  land ;  and  during  this  period  the  marine  erosion  would 
take  place  along  a  line  corresponding  in  level  to  the  col.  Hence,  in 
Glen  Gloy,  which  has  only  one  col,  the  highest  in  the  system,  the 
highest  road  only  was  formed ;  and  Glen  Glov  remained  unaffected 
by  the  stoppage  of  those  cols  which  produced  three  roads  at  lower 
levels  in  Glen  Boy,  the  lowest  of  them  also  extending  round  Glen 
Spean, 

DiacusaiON. — Sir  Henry  James  stated  that  he  had  given  particular  instructions  to 
the  officers  in  charge  of  the  surrey  as  to  the  accurate  levelling  of  the  roads.  Captain 
White  had  informed  him  that  there  was  some  question  as  to  the  existence  of  more 
than  one  road  in  Glen  Gloy.  There  could,  however,  be  no  doubt  as  to  the  general 
correspondence  of  the  levels  of  the  terraces  at  different  points.  With  regard  to  local 
rariations  in  the  level  of  the  sea,  he  stated  that  the  mean  sea-le?el  was  found  to  be 
remarkably  constant.  He  considered  the  question  as  rather  physical  than  geological. 
In  that  district  was  a  country  every  feature  of  which  had  been  modified  by  glaciers ; 
and  there  was,  therefore,  no  difficulty  in  conceding  the  existence  of  glacier  lakes. 
There  was,  moreover,  every  probability  of  a  country  cut  up  by  such  deep  valleys 
having  in  places  enormous  accumulations  of  ice.  The  difference  m  level  between  the 
beds  in  Glen  Gloy  and  Boy  was  20  feet,  which  could  hardlj  be  accounted  for  on  the 
marine  theory.  Nor  are  there  any  similar  terraces  in  neighbouring  glens,  such  aa 
ought  to  be  there  on  that  theory.  In  so  exceptional  a  district,  with.  Beii  '^«V\&  vji^^Ti^ 
••  a  buttress  at  the  south  ena  of  Oka  More,  against  which  aad.  u^^ii  ^\^0(^  \sa 
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would  aocnmulate,  that  theory  was  the  best  which  accounted  tor  the  terraces  bj  the 
lakes  haTing  been  formed  by  the  iotenrention  of  glaciers  blocking  the  TallejB,  as, 
according  to  this  theory,  It  would  not  be  likely  that  the  levels  of  the  roads  in  the 
different  Tslleys  woula  be  the  same,  seeing  that  the  ice-barriers  of  the  different 
Talleys  would  probablj  not  break  at  the  same  moment.  The  levels  were  taken  at 
the  middle  of  the  slope  of  the  terraces. 

Prof.  Bamsaj  entered  into  the  history  of  the  theories  for  accounting  for  the  terraces, 
the  fint  of  whi^  ^t  of  Prof.  Agawiz  (in  1840),  accounted  for  them  by  a  great 
glacier  damming  up  the  valley,  and  from  time  to  time  declining  in  height.  The 
glacial  theory,  on  which  this  view  rested,  had  to  some  extent  been  doubted,  but 
eventually  had  been  almost  universally  accepted  even  by  its  first  opponents.  He 
next  citca  the  works  of  the  late  Mr.  Robert  Chambers  as  to  the  eziBtenee  of  old  sea- 
margins,  pointing  to  a  gradual  sinking  of  the  sea  or  a  rising  of  the  land.  There 
could  be  little  doubt  that  a  great  part  of  Scotland  and  of  the  northern  part  of  Eng- 
land had  been  at  one  time  covered  with  glaciers,  as  had  also  been  the  case  in  other 
parts  of  Europe.  Unless  the  whole  countij  had  been  submerged,  and  then  come  up 
again  by  a  succession  of  jerks,  it  seemed  impossible  that  such  terraces  could  have 
been  formed  by  the  sea  and  still  have  remained  in  existence.  If,  however,  there  had 
been  great  oscillations  in  temperature,  it  seemed  possible  that  during  the  decline  of 
some  transverse  glacier  the  varying  levels  of  the  lake  might  have  left  terraces,  traces 
of  which  might  still  be  preserved. 

Mr.  L.  Lyell  thought  that  Prof.  Kicors  view,  that  the  different  heights  of  the 
terraces  in  Glen  Gloy  and  Glen  Roj  were  due  to  a  great  pressure  of  water  coming 
from  the  west,  could  nardly  be  sustained.  If  the  sea  had  stood  at  that  level,  Scotlana 
would  have  been  an  archipelago,  and  differences  of  level,  such  as  the  terraces  in- 
dicated, could  only  have  result^  from  great  tidal  action,  such  as  is  the  case  in  the 
Loffoden  Islands.  He  held  that  there  was  no  evidence  to  show  that  such  a  state  of 
things  had  existed  in  the  present  case.  As  to  the  coincidence  of  the  level  of  the 
roads  with  that  of  the  cols,  he  did  not  think  they  were  explained  on  the  marine 
hypothesis.  At  the  base  of  Prof.  Nicol's  speculation  was  an  assumption  in  which  he 
could  not  agree.  It  was  that  the  coHting  of  detritus  which  covered  the  hills  was  of 
marine  origin.  On  the  contrary,  he  held  it  to  be  sub-aerial.  The  fragments  of  rock 
were  sub-angular,  little  weathered,  and  altogether  such  as  might  be  found  in  any  sub- 
aerial  detritus.  At  Loch  As8)'nt  the  beach  of  the  freshwater  lake  consists  of  fragments 
of  red  and  white  sandstone,  unrolled  and  but  partially  water- worn.  The  b^h  of 
Loch  Miiree,  a  land-locked  arm  of  the  sea,  was  composed  of  fragments  of  the  same 
rocks,  but  these  were  rolled ;  and  he  believed  that  this  difference  was  due  to  the  tide, 
which  was  absent  in  Loch  Assynt  and  present  in  Loch  Marce.  The  materials  on  the 
roads  of  Glen  Hoy,  when  he  examinea  them  in  1869,  much  more  nearly  resembled 
those  on  the  shores  of  the  freshwater  lake  than  those  on  the  shores  of  the  marine  and 
tidal  Loch  Maree.  He  suggested  the  necessity  of  the  observation  of  the  nearest 
parallel  crises  which  could  be  found  in  cases  where  no  experiments  were  possible.  The 
phenomena  shown  in  Glen  Kov  were  then  compared  with  similar  appearances  at  the 
Marjelen  Sec,  a  small  glacier-bound  lake  in  Switzerland,  which  fulfils  in  nature  all 
the  conditions  which  the  theory  of  the  glacier-lake  origin  of  the  Glen  Roy  terraces 
required. 

Mr.  Gwvn  Jeffreys  renewed  his  protest  against  rerarding  these  beds  as  marine 
unless  marnie  remains  were  found  in  them.  In  Prof  Nicol's  former  paper  mention 
had  been  made  of  rolled  boulders.  These  occurred  at  Glasgow  and  elsewhere 
covered  with  Balani.  As,  however,  no  marine  remains  had  been  found  in  Glen  Roy, 
he  adopted  the  freshwater  or  glacier  theory. 

Mr.  Daintree,  reasoning  from  observations  made  in  tropical  countries,  asked 
whether  the  terraces  might  not  have  been  formed  during  the  change  of  seasons  from 
summer  to  winter. 

Mr.  Evans  rejf retted  that  no  one  else  was  present  who  would  in  any  degnr«e 
adv(>cate  the  author's  views.  He  pointed  out  that  if  the  surface  of  the  rocks  below 
the  detiitus  in  Glen  Uoy  was  glaciated,  the  probability  was  in  favour  of  the  super- 
ficial drift  being  of  marine  rather  than  of  sub-aerial  origin.  He  much  denoted 
whether  Hen  Nevis,  or  any  of  the  mountains  of  the  district,  offered  a  sufficient 
gatherinj^-pround  for  any  such  glacier  as  that  supposed  in  the  freshwater  theory, 
a«sumin;^  the  climute  to  have  been  such  as  would  have  admitted  of  a  large  lake  m 
G)eD  Hoy.    he  suggested  the  possibility  of  the  openings  through  which  the 
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would  gtin  aooew  to  the  district  ha?iiiff  at  the  time  of  the  last  sabmerffence  been  to 
some  extent  choked  with  ice,  which  thus  checked  the  tidal  action  imand  from  the 
pteient  coast;  and  thoneht  that  possibly  both  glaciers  and  the  sea  had  to- 
getiier  oontriboted  towards  the  formation  of  the  terraces.  These,  he  obsenred, 
were  by  no  means  confined  to  Glej  Roj  itself,  but  were  to  be  seen  on  a  large 
leale,  and  at  a  lower  level  in  the  yallej  of  the  Spean,  if  not  elsewhere. 

Mr.  Prestwioh  obserred  that  both  sides  of  the  question  had  an  d  priori  argument 
in  their  fiiTonr.  There  was  no  doubt  of  the  dmost  umversal  fflaciation  or  of  the 
d^Nsrion  below  the  sea  to  a  depth  of  at  least  1000  feet,  and  therefore  that  marine 
aetion  was  possible.  The  circumstance  of  the  cols  marking  the  height  of  each  terrace 
waa,  howoTer,  strongly  in  favour  of  the  freshwater  theory ;  but,  on  the  other  hand, 
there  seemed  an  absence  of  sufficiently  elevated  land  in  the  Glen  Roy  district  for  the 
oiunnation  of  a  glacier,  such  as  was  rpquired  by  this  theory. 

The  Chairman  suggested  the  necessity  of  actual  sections  being  made  to  show  the 
aatitre  of  the  terraces  and  the  condition  of  the  rocks  below.  He  referred  to  a  case  on 
ft  much  laiger  scale  in  the  Tungma  valley  of  East  Nepaul,  recorded  by  Dr.  Hooker, 
in  which  the  phenomena  at  Glen  Roy  were  repeated  on  a  larger  scale,  and,  in  con- 
nexion with  each  terrace,  a  glacier  and  its  moraine  could  be  traced. 


FISH.REMAIN8  IN  THE  DEVONIAN   BEDS  OP  CORNWALL. 

Sib, — In  1868 1  recognized,  in  Mr.  Pengelly's  collection  of  Cornish 
foBsils  at  Torquay,  the  structure  of  the  Upper  Silurian  and  Old  Bed 
fish  PtercLspia  or  ScaphaapiSf  in  the  supposed  coral  the  Steganodictyum 
Comubicum  of  McCoy.  This  identification  was  afterwards  confirmed 
by  Prof.  Huxley  and  Mr.  Kay  Lankester,  and  it  has  an  important 
signification  upon  the  question  of  the  age  of  the  rocks  of  South 
Devon  and  Cornwall,  inasmuch  as  the  Pteraspis  has,  I  understand, 
been  found  by  Mr.  Etheridge  in  the  lower  Devonian  rocks  of  Lynton 
and  Lyninouth. 

As  I  am  not  aware  that  any  further  investigations  have  been 
carried  on  as  regards  the  Cornish  rocks,  the  following  notes  may 
have  some  interest  for  those  amateurs  in  geology  who,  like  myself, 
enjoy  passing  leisure  hours  in  the  investigation  of  the  records  of 
the  rocks. 

When  on  a  visit  to  Penzance  in  February  last,  I  took  the  oppor- 
tunity of  examining,  through  the  courtesy  of  the  Hon.  Curator,  the 
collection  of  Looe  and  Polperro  fossils  presented  by  Mr.  Peach, 
Mr.  Couch,  and  others,  to  the  Museum  of  the  Royal  Greological  Society 
of  Cornwall.  It  appears  that  as  early  as  1846,  these  fossils  were 
described  by  Mr.  Pe«u;h  as  the  remains  of  fish,  in  the  Transactions 
of  the  Geological  Society  of  Cornwall,  from  specimens  found  by  Mr. 
Couch  at  Scilly  Cove,  on  the  east  side  of  the  harbour  at  Polperro. 
From  what  I  saw  in  the  Penzance  Museum,  I  determined  to  examine 
the  Looe  and  Polperro  district,  and  requested  my  friend  Sir  W.  Guise, 
who  had  already  gone  over  with  me  the  Old  Red  districts  of  Here- 
fordshire and  Monmouthshire,  and  the  rocks  of  North  Devon,  to 
join  me  at  Plymouth.  Our  time  was  limited,  and  I  can  only  say 
that  I  wish  we  had  gone  earlier,  for  I  know  of  no  district  more 
likely  to  repay  the  geologist  for  prolonged  and  thorough  investiga- 
tion. The  place  for  head-quarters  should  be  that  romantic  liUle 
town  Polperro,  which  may  be  best  reached  fromIiVEik.Q8X&,«.TidL^\L<^T^ 
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comfortable,  though  limited,  qnarters  may  be  obtained  at  "  The  Ship.** 
Mr.  Loughrin,  a  ready  guide  and  good  naturalist,  knows  the  geology 
of  the  district,  and  especially  the  v  localities  where  the  fish-bed  may 
be  seen  in  situ. 

As  to  the  geological  position  of  the  beds,  I  was  unable  to  deter- 
mine them,  as  they  appear  to  me  to  be  faulted  through  the  over- 
lying Devonians  of  Plymouth,  etc.    Their  dip  too  is  reversed. 

As  regards  mineralogical  character,  the  fish-bearing  slates  look 

like  some  beds  shown  me  by  Mr.  Pengelly  at  Mudstone  Bay,  near 

Torbay,  and  which  are  there  faulted  through  the  Torbay  strata.     In 

these  Mudstone  beds  Mr.  Pengelly,  I  believe,  has  found  fish-remains. 

Mr.  Etheridge,  PalaBontologist  to  the  Geological  Sarvey,  considers  the 

Polperro  and  Looe  rocks  are  on  the  same  horizon  as  the  Lynton  and 

Lynmouth  strata,  and  I  think  this  is  very  likely,  more  especially  as 

at  Lantiret  Bay,  between  Polperro  and  Fowey,  they  pass  into  red 

slaty  beds  and  yellowish  grits,  which  are  not  unlike  the  base  of  the 

Countesbuiy  and  Foreland  beds  at  Lynton ;   the  Lantiret-Countes- 

bury  beds  (if  such  they  are)  being  denuded  by  the  action  of  the 

sea  near  the  junction  with  the  bone-bed.   My  friend,  Dr.  HoU,  thinks 

that  the  Polperro  are  not  much  above  the  Plymouth  limestones. 

PBNDocai,  Tbwkbsbtrt,  W.  S.  Stmondb. 

18M  March,  1872. 

[In  referenoe  to  the  ooourrenoe  of  Deyonian  Fish-remains  at  Lynmouth,  it  may  he 
stated  that  Mr.  J.  Wetherell  of  that  village  has  found  a  numher  of  these  in  the  rocks 
to  the  West  of  Lynmouth,  where  the  hlocks  on  the  shore  are  exposed  to  the  action 
of  the  sea.  A  notice  of  their  occurrence  was  read  by  Dr.  Fairbs"^^  to  the  Geological 
Sooioty  of  London,  Nov.  23rd,  1870,  but  the  paper  has  not  been  published.  See 
abstract,  Geol.  Mao.,  1871,  Vol.  VIIL,  p.  38.  See  also  notice  of  FLsh-remains  in 
Cornwall,  Geol.  Mao.,  1868,  Vol.  V.,  pp.  247,  296,  and  437.— Edit.  Gbol,  Mao.] 

Geological  Survey  Appointments. — In  our  notice  of  last  month 
we  stated  that  Mr.  Bristow  had  been  appointed  "Local  Director" 
instead  of  Senior  Director  for  England  and  Wales.  We  may  add 
that  Mr.  H.  H.  Howell,  F.G.S.,  has  been  promoted  to  the  post  of 
District  Surveyor,  and  Mr.  J.  Clifton  Ward,  F.G.S.,  has  been  ap- 
pointed a  Geologist  on  the  English  staff. 

We  regret  to  have  to  record  the  somewhat  sudden  death  of  Dr. 
Augiiste  Krantz,  of  Bonn-on-the-Khine,  who  died  from  an  attack  of 
erysipelas  during  a  visit  to  Berlin  on  the  6th  April  last.  Dr.  Krantz 
of  Bonn  represents  one  of  the  longest  established  and  most  able 
members  of  that  rare  class,  a  scientific  merchant  in  rocks,  fossils, 
and  minerals — one,  who  not  only  knew  accurately  the  commercial 
value  of  his  collections,  but  was  intimately  acquainted  with  the 
Bcientific  worth  of  every  specimen  which  passed  through  his  hands. 
Indeed,  there  are  few  museums  which  have  not  been  enriched  from  his 
cosmopolitan  repository.  He  leaves  an  immense  and  valuable  colleo- 
tion  both  of  Minerals  and  Fossils,  the  result  of  the  labours  of  a  long 
life  devoted  to  these  pursuits.  Dr.  Krantz  was  in  his  62nd  year. 
Wo  believe  it  is  the  intention  of  Madame  Krantz  to  carry  on  her 
husband's  business,  with  which,  she  is  nt^M  T)^\]kdi\i\.^. 


hit-  J.I  .^  I.. 


TH9 

GEOLOGICAL   MAGAZINE 


Ho.  ZOVI-JUHE,  1872. 


L-»Oh  soioB  Fossil  Wood  from  tem  Lower  Eookne. 
By  W.  T.  Thibblton  Dtbb,  B.A.,  B.So.,  F.L.S. 

(Plate  VL) 

fMJtUS  Botanical  Department  of  the  British  Museum  possesses 
X  amongst  its  collection  of  fossilized  vegetable  remains,  sliced 
for  mioroscopic  examination,  a  series  of  specimens  of  wood  from 
Heme  Bay  and  the  Isle  of  Thanet.  These  exhibit  a  structure  which 
has  not  hitherto  been  properly  understood,  but  which  proves  to  be 
quite  comparable  with  what  is  to  be  found  in  some  recent  plants. 

Fossil  wood  from  this  locality  has  long  been  known  to  collectors. 
Mr.  8.  Gray  gave  the  following  account  of  it  in  the  Philosophical 
TransactionSj  in  1700  * : — **  Alwut  half  a  mile  from  Reculver,  towards 
Harm,  there  appears  in  the  cliff  a  strata  of  shells  in  a  groenbh  sand  ; 
they  seem  to  be  firm,  but  some  of  them  are  entire,  but  when  you  go 
to  take  them  from  their  beds  they  crumble  to  powder  between  your 
fingers ;  but  that  which  is  most  remarkable  is,  that  in  the  lower  part 
of  the  strata,  where  the  sliells  are  more  thickly  dispersed,  there  lies 
scattered  up  and  down  iK)rtions  of  roots,  trunks,  and  branches  of 
trees ;  the  wood  is  become  as  black  as  coal,  and  so  rotten  that  large 
pieces  of  it  are  easily  broken  with  one's  fingers.  I  know  not  what 
depth  these  may  lie,  the  strata's  surface  not  appearing  above  two  feet 
from  the  beach,  but  I  judge  it  from  the  superficies  or  top  of  the  cliflf 
above  12  foot.  I  saw  the  stump  of  one  tree  standing  upright,  broken 
off  about  a  foot  from  the  ground.  I  should  have  given  a  more  par- 
ticular aca>unt,  but  cannot  find  at  present  the  note  I  took  upon  the 
place.    I  shall  only  add  that  the  shells  were  of  the  white  Conchites." 

Mr.  Dowker  states  that  in  the  neighbourhood  of  Keculver  large 
masses  of  silicified  wood,  often  bored  by  Teredo,  are  found  both  in 
the  Woolwich  beds  and  in  the  Thanet  sands.' 

The  microscopic  structure  of  the  woo<l  shows  at  once  that  it 
belonged  to  an  arborescent  Dicotyledon.  Fig.  1  (PI.  VI.)  represents 
a  transverse  section  of  a  ''  wedge"  which  is  bounded  on  either  side 
by  a  medullary  ray,  and  consists  of  woody  tissue  and  large  ducts. 
The  woody  tissue  is  made  up  for  the  most  part,  as  is  usually  the  case, 

*  Tol.  xxii.,  p.  762.  '  Proc.  Geol.  Asao.,  ^oV  \.,  ^.  ^V"?^. 

roL,  a.^jro.  xovi,  \^ 
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of  long  prosenchymatouB  fibroQS  oells.  Adjaoenty  however,  to  the 
duots  there  are  often  found  in  the  wood  of  piAnts  cells  of  what  hai 
been  termed  wood-parenchyma,  which  are  shorter  and  less  obliqualj 
truncated  than  the  prosenchymatous  wood-cells,  and  are  also  oon- 
spicnously  marked  with  pores  corresponding  to  those  seen  on  tfad 
walls  of  tlie  duct  This  wood-parenchyma  is  clearly  shown  in  Fig.  6, 
on  the  right  hand  side  of  the  figure,  which  is  drawn  from  the  Yine 
for  the  sake  of  comparison.  In  the  Thanet  fossil  wood  the  vesseb 
were  also  surrounded  by  short-celled  wood-parenchyma,  the  walls  d 
which  were  marked  by  large  slit-like  pores,  which  stretched  in  a 
somewhat  scalariform  manner  across  each  face  of  the  cells.  This  ii 
the  explanation  of  the  slit-like  markings  to  be  seen  amongst  the 
wood-cells  in  Fig.  2 ;  the  artist  has  drawn  the  specimen  faithfully  88 
he  saw  it,  and  the  markings  were  more  distinguishable  in  this 
particular  specimen  than  the  cells  to  which  they  belonged.  Hie 
smaller  circular  bodies  delineated  amongst  or  rather  in  the  wood- 
cells  in  the  same  figure  represent,  I  think,  not  improbably  starch 
granules.  It  only  occurred  to  me  after  I  had  arrived  at  this  ctm- 
elusion,  that  Mr.  Carruthers  had  ascertained  that  the  form  and 
arrangement  of  starch  granules  in  the  cells  was  also  admirably 
preserved  in  the  stem  of  a  fossil  fern,  Oemunditee  Dowkeri,  from  the 
same  locality  and  geological  horizon.^ 

The  most  curious  feature  about  this  wood  is,  however,  the  oellnlar 
mass  (Tyloso)  with  which  the  interior  of  the  ducts  is  filled  up  ;  this 
is  shown  very  characteristically  in  Fig.  2.  Dr.  Bowerbank  made 
this  anomalous  structure  the  subject  of  a  paper  in  the  first  volume 
of  the  Transactions  of  the  Microscopical  Society  of  London.'  The 
material  upon  which  he  worked  was  a  fossil  wood  from  the  London 
Clay,  which  appears  from  its  structure  to  have  been  identical  with 
that  from  Herno  Bay.  In  both  cases  the  included  vesicles  vary  in 
size,  being  often,  as  in  Fig.  3,  small  and  not  so  large  as  to  compress 
one  another.  His  conclusion  was,  that  ''  it  appears  probable  that 
the  whole  of  thorn  may  be  attributed  to  a  more  than  ordinary 
development  of  the  globules  of  circulation,  analogous  to  those 
observed  in  Vallisneria  and  other  plants." 

Dr.  Arthur  Farro,  in  a  subsequent  paper  in  the  same  volume,  fol- 
lowed up  Dr.  Bowerbank's  view  as  to  the  origination  of  these  vesicular 
bodies  from  the  contents  of  the  duct,  but  thought  that  they  might 
have  originated  by  a  process  of  "  balling  "  similar  to  that  by  which 
the  endochrorae  of  Nitella,  when  it  begins  to  decay,  breaks  up  into 
globular  masses  with  a  brownish  investment.  He  remarks  with 
judicious  caution  that ''  these  brown  globules  contained  in  the  stems 
of  Nitella,  appear  to  differ  from  the  globules  found  in  the  vessels  of  the 
fossil  wood  chiefly  in  the  circumstance  of  their  being  hollow  spheres 


^  Qaart.  Joarn.  Gcol.  Soc.,  yoI.  xzri.,  pi.  xxy.  Amylaceous  structure  is  also  shown 
in  the  Fem-structurcs  described  by  Renault,  from  Autun  (Carboniferous),  Ann.  d.  Sc. 
Nat.,  1869. 

'  On  a  New  Variety  of  Vascular  Tissue  found  in  a  Fossil  Wood  from  the  London 
ClMj,pp.  16-18.    (1844.) 
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in  the  fossil,  but  capsules  filled  with  green  matter  in  the  recent 
plant"  (p.  22.) 

liany  instances  of  Tylose  are  now  known  amongst  recent  plants, 
and  have  been  repeatedly  made  the  subject  of  investigation  by 
^foreign  writers,  Malpighi,  indeed,  in  his  ''Anatome  Plantarum,"^ 
gives  a  very  fair  representation  of  them  in  the  oak  (tab.  6),  remark- 
ing (p.  &),  ''fistnlss  frequenter  jni^monare^ quasi  vesicvlaa  trachearum 
rabetantia  excitatas  continent."  Without  going  into  the  literature  of 
the  snbjecty  which  is  considerable,  it  is  sufficient  to  state  that  the  in- 
vestigations of  an  anonymous  writer  in  the  Baton.  Zeit  for  1845,* 
confirmed  by  Mohl '  and  Beess  {Bot  Zeit,  1868),  appear  to  leave  little 
doubt  that  the  ''Thy lien,"  as  the  first- mentioned  writer  named  them, 
are  hemioid  protrusions  into  the  vessel  from  adjacent  cells.  In  the 
words  of  Reess,  "each  young  Thylle  makes  its  appearance  as  a 
bulging  of  a  wood-parenchymatous  or  medullary-ray  cell  forced 
thiongh  a  pore  in  the  vessels."  This  process  would  be  inconceivable 
in  the  case  of  the  prosench3rmatous  cells;  but  parenchymatous  cells, 
sach  as  those  mentioned  above,  which  surround  the  ducts,  and  those 
whioh  form  the  medullary  rays,  do  not  imdergo^  the  same  amount  of 
speedy  induration.  In  Figs.  5  and  6  transverse  and  longitudinal 
sections  are  given  of  the  wood  of  the  vine,  showing  that  the 
"Thyllen"  are  precisely  comparable  in  this  and  in  the  Eocene  wood 
(Figs.  1  and  2).  Mr.  Sorby  has  also  figured  in  the  third  vol.  of  the 
mic  8oc.  Trans,  (pp.  91-92)  a  "  non-gymnospermous  exogenous 
wood "  from  the  Lias  near  Bristol,  which  shows  evident  traces  of 
Tylose. 

Fig.  4  represents  a  portion  of  the  wall  of  the  ducts  from  the 
Thanet  wood,  to  show  the  arrangement  and  character  of  the  pores. 
These  are,  as  is  well  known,  formed  by  intermissions  in  the  internal 
thickening  which  the  walls  of  the  ducts  (as  of  other  cells)  undergo. 
They  are  therefore  closed  externally  by  the  primary  membrane  of 
the  duct,  and  this  must,  therefore,  undergo  rupture  or  resorption 
before  the  Thyllen  can  be  developed.  The  pattern  of  these  pores  is 
peculiar,  but  not  uncommon.  Dr.  Bowerbank  founded  upon  them  an 
affinity  of  the  London  Clay  wood  to  the  genus  Piper,  Similar  pores 
are,  however,  figured  by  Sachs,  in  the  widely  remote  Dahlia. 

Prof.  Van  Heurck,  of  Antwerp,  has  used  the  term  Tylose  for  the 
structure  termed  by  German  writers  "  Thyllen."  *  I  think,  as  the 
former  word  will  anglicize  more  conveniently  than  the  latter,  we 
may  follow  his  example. 

*•*  Pig*  4  is  magnified  about  250,  the  rest  aboat  120  diamsk 

1  1686,  vol.  i. 

•  Prof.  Van  Heurck,  informs  me  that  this  paper,  signed  "von  einem  Ungenannten," 
was  written  by  Mdlle.  la  baronne  Hermiile  von  Reichenbach.  See,  for  an  abstract. 
Bay  Soc.  Rep.,  1849,  p.  237. 

>  Sec  Ray  Soc.  Rep.,  1849.  pp.  26, 27.  Mohl  found  Tylose  in  Palms  ;  the  structure 
If  therefore  not  peculiar  to  Dicotyledons. 

*  Sachs,  Lehrbuchd.  Bot.,  1870,  p.  27,  calls  them  TuUen. 
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II. — ^NOTSS  ON   THE  Li.TI  EbXTPTION  OF  YxSmTIUS. 

By  6.  PouLSTT  ScBOPB,  F.R.S.,  F.G.8^  etc^  etc 

THE  Eruptions  of  Vesuvius  naturally  create  a  wider  and  deeper 
interest  than  those  of  any  other  Yoleano,  owing  to  the  mounlain 
lying  within  sight  and  hearing  of  one  of  t;he  most  popolooB  and 
frequented  cities  of  Europa  And  in  these  days  of  telegraphs  and 
newspaper  correspondence  the  mingled  feelings  of  alarm  and  admi- 
ration which  these  phenomena  excite  at  Naples  are  rapidly  spread 
over  the  civilized  world,  tinged  with  all  the  ^aggerations  and  em- 
bellishments that  the  imagination  of  writers,  who,  probably,  witnesi 
an  eruption  for  the  first  time,  can  bestow  on  them. 

This  has  been  in  a  marked  degree  the  case  with  the  recent  eruption, 
which,  beginning  on  the  26th  of  April,  began  to  decline  on  the  28ih, 
and  terminated  on  the  2nd  of  May,  and  therefore  in  point  of  dura- 
tion by  no  means  equalled  several  outbursts  of  the  same  mountain 
that  have  occurred  during  the  last  century.  That  of  1793-4  lasted  a 
year  and  a  half.  The  eruption  of  1822  continued  with  great  violence 
through  more  than  20  days ;  that  of  1834  twenty^four  days ;  that  of 
1850  nearly  a  month.  True,  the  violence  of  an  eruption  is  not 
always  to  bo  measured  by  its  duration,  since  moderate  discharges  of 
vapour  and  scoriae,  accompanying  the  emission  of  minor  la\'a-8tream8, 
have  sometimes  gone  on  for  months  together  in  the  intervals  be- 
tween the  more  powerful  eruptive  paroxysms.  In  the  present  in- 
fitanco  iudued  the  vigour  of  the  eruption  seems  to  have  been  largely 
out  of  i)roportiou  to  its  limited  duration,  although  by  no  means 
equalling  in  this  respect  some  of  those  we  have  mentioned  above,  as 
is  well  known  to  those  who  are  acquainted  with  the  admirable 
volume  of  Professor  Phillips. 

The  cone  of  Vesuvius  had  been  continually  increasing  both  in 
height  and  bulk  since  its  truncation  by  the  great  eruption  of  1822, 
and  in  place  of  the  deep  and  wide  crater  then  formed,  and  repeatedly 
filled  up,  and  to  some  extent  reformed,  by  subsequent  eruptions  of 
minor  violence,  an  upper  cone  had  risen,  giving  a  pointed  apex  to  the 
mountain.  This  subsidiary  cone  was  in  almost  constant  activity 
throughout  the  year  1871,  steam  and  seorije  being  continuously 
ejected  from  its  crater,  while  small  streams  of  lava  occasionally 
flowed  out  of  it,  and  found  their  way  down  to  the  northern  foot  of 
the  great  cone,  where  they  accumulated  in  or  about  the  Atrio.  This 
state  of  moderately  tranquil  activity  lasted  through  the  first  months 
of  this  year,  proving  that  up  to  that  time  the  lava  still  occupied  the 
highest  part  of  the  chimney  of  the  volcano  in  a  state  of  more  or  less 
fluid  ebullition. 

Suddenly,  on  the  morning  of  the  26th  April,  a  violent  earth-shock 
was  felt  throughout  the  area  of  the  mountain,  and  fearful  detonations 
and  incessant  rumbling  noises,  accompanied  by  other  shocks,  were 
heard  to  proceed  from  the  summit,  which  at  the  same  time  threw  up 
a  lofty  fountfiiji  of  steam  and  stones.  A  paroxysmal  eruption  had 
evidently  commenced.  The  subterranean  energy,  residing  in  the 
lower  depths  of  the  volcanic  focus,  \ia^  mciosoa^d.  tA  a  ^oint  at  which 
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liie  minor  extravasationfl  and  ejections  that  had  been  so  long  going  on 
from  the  summit,  ooold  not  sufBoe  for  its  relief.  Violent  ebullitions 
broke  forth  at  some  point  in  these  lower  recesses  of  the  volcanic 
dihnney,  and  with  terrific  eructation  the  evacuation  of  the  contents  * 
of  all  its  upper  portion  began.  Shock  succeeded  shock,  till  those 
who  looked  at  the  mountain  from  a  distance  saw  the  colossal  trunk 
of  the  pine-cloud  reaching  to  a  height  of  many  thousand  feet  above 
the  mountain  top,  in  the  usual  double  ascending  column,  one  of 
white  globular  masses  of  vapour,  the  other  of  scorieer  black  by  day, 
but  led-hot  by  night ;  while  streams  of  incandescent  lava  gushed 
forUi  firom  several  openings  on  the  flank  and  at  the  base  of  the  great 
oone. 

Of  many  persons  who,  on  the  night  of  the  ^th,  ascended  the 
monntain  from  Naples  and  its  environs,  for  the  purpose  of  witnessing 
■0  grand  and  nnusnal  a  spectacle,  several  who  had  incautiously 
QDtered  the  Atrio  were  caught  by  a  sudden  increase  fai  the  violence 
of  the  eruption  and  the  outburst  of  a  new  stream  of  lava  close  to 
them,  and  perished  miserably ;  the  bodies  of  some  never  being  re- 
oovered.  This  stream  of  lava  flowed  rapidly  at  first  down  the 
ioath-westem  slope  of  the  mountain,  below  the  Hermitage,  and  by  its 
advance  the  entire  village  of  San  Sebastiano  and  a  portion  of  that  of 
llaasa  were  destroyed.  The  population  of  Torre  del  Greco,  Besina, 
and  the  other  towns  which  line  the  sea-coast  at  the  base  of  the 
monntain,  naturally  supposed  themselves  in  danger  of  the  same  fate, 
and,  deserting  their  homes,  crowded  the  road  to  Naples.  Their 
fears,  however,  proved  groundless,  sinee  the  lava  stopped  its  course 
two  miles  short  of  Torre  del  Greco.  The  roaring  and  shocks  of  the 
detonations  were  especially  loud  and  fearful,  as  heard  and  felt  even 
at  Naples — more  so,  it  is  said,  than  on  any  former  occasion  within 
living  memory.  They  were  particularly  violent  on  the  26th,  and 
again  on  the  29th,  by  which  last  day,  however,  the  force  of  the 
enmtion  had  in  other  respects  considerably  diminished.  Even  on  the 
27ui  the  outflow  of  lava  had  apparently  ceased.  The  other  pheno- 
mena, namely,  the  ejection  of  scorisa  and  ash  from  the  main  vent, 
continued  some  days  longer,  and  increased,  if  not  in  violence,  at  least 
in  their  unpleasant  character  to  the  inhabitants  of  Naples.  The 
wind,  which  had  up  to  that  time  blown  from  the  S.W.,  changed  to 
8.E.  on  the  29th,  and  brought  the  cloud  of  ashes  over  Naples, 
obecuring  the  light  of  the  sun,  and  giving  to  the  atmosphere  the 
appearance  of  a  London  smoky  fog.  This  fine  dust  fell  in  die  streets 
and  on  the  house-tops  to  the  depth  of  an  inch  or  more,  and  heavy 
rains  accompanying  its  fall,  made  the  circumstance  more  disagree- 
able. With  regard  to  these  fragmentary  ejccta,  some  incorrect  notions 
are  perhaps  entertained,  even  by  geological  writei's,  who  seem  to 
mppose  them  to  be  originally  thrown  out  from  the  volcano  in  the 
comminuted  state  in  which  they  finally  fall  to  the  ground.  The  fact 
I  believe  to  be  that  they  are  first  tiirown  up  by  the  explosions, 
proceeding  from  the  surface  of  the  lava  within  the  crater,  as  coarse 
omsts  (8cori»)  or  even  large  liquid  drops  (bombs^^  oi  IqiiN^  TVi^«A 
oodhng  And  hardening  in  the  air  as  they  ascend,  m  "^^tt  %i£i  «jqm^3^ 
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into  the  yawning  gulf,  to  be  again  immediately  ejected  by  sabseqnent 
explosions ;  till,  after  repeated  ascents  and  descents,  in  each  of  which 
the  hurtling  shower  undergoes  intense  trituration  of  its  component 
fragments  against  each  other,  their  angles  are  worn  off,  and  they 
are  reduced  to  small  rounded  gravel,  then  to  sand,  and  finally  to 
almost  impalpable  dust,  which  the  winds  take  up,  sort  and  transport 
to  enormous  distances.  Blocks  of  pre-existing  rock,  volcanic  or 
other,  which  obstructed  the  vent  before  the  eruption,  share,  of  course, 
in  this  process,  which  distributes  the  ejecta  of  the  volcano  more  or 
less  plentifully  around  in  the  ratio  of  their  size  and  weight  Though 
drifted  in  some  places  by  aqueous  torrents,  it  is  not,  I  believe,  to 
attrition  in  water,  but  in  the  air,  that  volcanic  gravel  (lapillo  pozzo- 
laiia,  etc.)  owes  its  bouldered  character.  An  eniption  usually  finishes 
by  the  ejection,  through  some  days  or  hours,  of  the  finest  dust  alone; 
the  steam  bubbles  that  explode  from  the  lava-surface,  as  it  sinks 
within  the  vent,  having  no  longer  power  to  throw  out  large  fragments ; 
in  the  end  this  stifling  dust  chokes  the  explosive  force  altogether, 
and  quiet  succeeds ;  the  eruption  has  terminated  for  the  time. 

In  all  these  respects  the  late  eruption  of  Vesuvius  appears  to  have 
followed  the  course  of  that  of  1822,  though  clearly  inferior  to  it  in 
violence  and  duration.  Its  effect  on  the  form  of  the  mountain  has, 
no  doubt,  been  the  same,  that  is  to  say,  the  truncation  of  the  cone, 
and  the  reproduction  of  a  great  crateral  gulf  in  its  centre.  As  yet 
no  details  have  reached  us  to  throw  light  on  this  question.  We  must 
wait  the  full  report  of  Signor  Palmieri  on  the  subject  from  a  scientific 
point  of  view.  The  same  must  be  said  on  another  point  which  does 
not  come  clear  out  of  the  accounts  hitherto  published,  namely,  whether 
any  lava- streams  were  really  emittod  on  this  occasion  from  new  openings 
in  the  southern  flank  of  the  mountain  below  the  base  of  the  old  cone, 
as  certainly  happened  in  the  eruptions  of  1760,  1777,  and  again  in 
that  of  18G1.  Should  such  have  been  the  fact,  as  some  statements 
aver,  new  small  cones  of  ejected  scorias  (boccole)  will  have  been 
formed,  as  has  always  been  the  case,  over  each  of  the  new  mouths. 
But  it  not  unfrequently  happens  tiiat  a  lava-current  breaking  out 
from  the  summit,  or  some  point  on  the  side  of  the  cone,  penetrates 
hollow  gutters  within  or  beneath  some  older  consolidated  flow,  and 
runs  down  out  of  sight  until  it  forces  an  exit  for  itself  at  or  near  the 
base,  and  thus  puts  on  the  false  appearance  of  a  new  eruptive  mouth. 
The  question  has  a  rather  important  bearing  on  the  security  of  Torre 
del  Greco,  as  all  previous  deviations  from  the  old  established  channel 
of  eruption  have  been  on  the  south  side  of  the  mountain  on  the  line 
of  one  or  more  fissures  radiating  from  the  centre  of  the  cone  in  that 
direction.  So  that  if  at  any  time  Vesuvius  should,  following  the 
example  of  Etna,  Volcano  in  the  Lipari  group,  and  many  other 
volcanos,  shift  its  axis,  it  will  in  all  probability  be  somewhere  on  the 
southern  base  of  the  mountain  that  the  new  crater  will  be  formed. 
Naples  may  be  considered  quite  safe,  but  Torre  del  Greco  seems  ex- 
posed not  only  to  invasion  from  torrents  of  lava  flowing  down  from 
the  present  eruptive  vent  behind,  but  also  to  the  possible  formation 
fa  new  one  beneath  it.    The  alarm,  ^ei^iot^,  ^x)dSca\.^  b^  its  in- 
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UbHaaiB  on  the  ooounence  of  this  and  previooa  paroiysms  of  their 
^"Pgpiet  and  disagreeable  neighbour,  is  not  veiy  unreasonable. 

Signor  Palmieri,  who  watched  throughout  with  creditable  oon- 
stanqy  the  progress  of  the  eruption,  from  his  Observatory  on  the 
Crooelle,  appears  by  so  doing  to  have  gained  a  character  of  almost 
■aperliunian  heroism  among  the  frightened  population  of  Naples 
and  its  environs.  The  philosopher  must  have  been  much  amused  at 
the  fervour  of  his  extravagant  admirers,  who  raised  him  almost  to 
the  level  of  their  adored  St.  Januarius  ;  knowing  as  he  well  did,  of 
oonrse,  the  very  small  amount  of  danger  that  he  incurred  while  he 
lemained  at  his  post,  under  a  substantial  roof,  above  the  possible 
readh  of  any  lava-stream,  in  a  building  founded  on  a  portion  of  old 
Somma,  which  has  certainly  never  been  seriously  disturbed  for  the 
last  1800  years.  He,  better  than  any  one,  knows  that  the  phenomena 
of  the  late  eruption  were  by  no  means  so  exceptional  as  our  news- 
paper correspondents  would  persuade  us,  but  of  the  ordinary  type  of 
moderate  Yesuvian  paroxysms,  such  as  the  mountain  has  exhibited 
perhaps  a  dozen  times  wiUiin  the  last  hundred  years.  That,  indeed, 
is  the  judgment  he  is  said  to  have  passed  upon  it. 


HL — Man  in  the  Obao. 

By  T.  McK.  Hughes,  M.A.,  F.S.A.,  F.G.S., 
of  the   Geological  Surrey   of  England  and  Wales. 

PARA.6EAPHS  have  appeared  in  several  papers  announcing  more 
or  less  distinctly  the  discovery  of  fossils  in  the  Crag  which  bear 
upon  them  marks  of  human  work.  Having  had  considerable  oppor- 
tunities of  looking  into  this  question,  I  venture  to  offer  some  reasons 
for  believing  that  there  is  not  the  slightest  evidence  for  attributing 
the  phenomena  in  question  to  the  agency  of  man. 

The  case  may  be  thus  briefly  stated  : — Some  of  the  Crag  deposits 
being  composed  of  phosphate  of  lime  are  used  for  the  manufacture  of 
artificial  manure,  and  therefore  a  very  large  number  of  fossils  are 
turned  over.  Among  them  we  find,  in  various  states  of  preservation, 
sharks'  teeth  and  vertebrae,  sponges,  and  concretionary  masses  of 
various  symmetrical  forms.  Some  of  the  teeth  have  been  found 
perforated  in  such  a  manner  that  they  might  be  strung  together  for 
ornaments,  or  arranged  along  the  edge  of  an  instrument  like  a  saw  ; 
just  as  we  find  similar  teeth  employed  by  savage  races  at  the  present 
time.  Spherical,  oval,  and  pear-shaped  bodies  also  are  found  with  a 
hole  through  the  centre  such  as  gives  them  the  appearance  of  beads 
or  net-sinkers.  The  whole  question  then  resolves  itself  into  this : 
Is  it  impossible  or  improbable  that  nature  produced  these  forms  ? — for 
on  that  assumption  only  can  they  be  considered  as  evidence  of  the 
existence  of  Man  in  the  Crag  Period. 

What  then  is  the  evidence  ?  Only  a  few  of  the  teeth  have  been 
found  bored  right  through,  and  not  nearly  all  of  these  have  the  per- 
foration in  the  middle  of  tiie  basal  portion  of  the  tooth  (see  Fig.  1),^ 

1  I  hare  boirowed  the  specimens,  figured  on  pp.  24S  and  VA^  tiom  m^  tnsoi^'^&L. 
TS^hmdg9,  who  entirelj  agrees  with  me  in  the  Tiewe  exprened  m  \Ya&  ^^^^^^t. 
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but  many,  indeed  most  of  tbem,  have  the  commenoemeiit  of  Bimflar 
perforations  all  over  the  tooth  wherever  the  enamel  has  not  extended 
or  has  been  removed.  (See  Fig.  2.)  Other  fossils  of  the  Crag,  such 
as  the  ear-bones  of  whales  and  conoretionary  nodules,  are  bored  in 
exactly  the  same  manner.  Similar  phosphatic  remains  in  other  de- 
posits, such  as  the  so-called  ooprolite-bed  near  Cambridge,  are  found 
to  have  similar  perforations. 


Fiff.  1. 

^  Fig.  1 


Figs.  1.  and  2.    Water-worn  teeth  of  Carehatoivn^  sp.  from  the  SoflTolk  Crag. 

Fig.  1.    Perforated  through  near  its  hase  by  Fig.  S.    Perforated  partially  by  boring 

lithodomos  MoUnsk  (or  by  a  Buccinum  f)  Mollusk. 

Therefore  there  is  not,  in  the  position  and  manner  of  distribu- 
tion of  the  holes,  any  evidence  of  design.  Nor  is  there  evidence  of 
human  workmanship  in  the  character  of  the  holes  themselves. 
Though  some  of  the  holes  are  clean  cut  right  through,  the  opening 
on  one  side  is  not  eJways  exactly  opposite,  or  of  the  saune  size,  as 
that  on  the  other,  and  the  interior  of  the  cavity  is  often  irregular,  so 
that  a  perforating  instrument,  such  as  savages  would  be  likely  to  use 
for  the  purpose,  could  not  be  pushed  through  from  one  side  to  the 
other. 

Therefore  the  characters  of  the  holes  themselves  do  not  point  to  human 
agency.  But  is  there  any  direct  evidence  of  other  agents  which  may 
have  produced  the  perforations  ?  In  the  phosphatic  deposits  at  the  base 
of  the  Chalk  it  is  not  uncommon  to  find  the  shells  of  the  lithodomi 
which  have  honeycombed  an  ammonite  or  other  fossil.  The  cavities 
formed  by  these  animals  are  easily  recognized  by  their  shape,  which 
is  something  like  a  sodawater-bottle.  I  selected  a  tooth  from  the 
Crag  which  had  a  hole  on  one  side  only,  but  which  was  in  other  re- 
spects similar  to  some  of  those  which  ran  through.  (See  Fig.  3.) 
Mr.  J.  B.  Jordan  cut  it  across  for  me  with  delicate  machinery,  and 
displayed  the  well-known  form  of  the  lithodomus  cell.  (See  Fig.  3a.) 

If  such  a  borer  attacked  a  thin  tooth  imbedded  in  clay  at  the 
bottom  of  the  sea,  it  would  drill  a  hole  dean  through  the  tooth  into 
the  olay  below ;  or  if  the  tooth  were  more  or  less  enveloped  in  con- 
o^etionary  phosphatic  matter,  which  is  very  commonly  the  case,  the 

He  r$Bttlt  would  be  produced.    Wb»a  V]^<^  qhqmi^^  m&tter  was 
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removed,  the  tooth  would  be  found  to  be  pierced  by  a  clean-cut  hole 
Tepreaenting  the  middle  portion  of  the  lithodomus  chamber.    If  the 


Fig.  8. 


Fiff.  8.    Large  tooth  of  Carcharodon 
me^lodoHt  AgasaiK,  from  Crag.    Oat- 
line  restored  by  dotted  line, 
a  h  line  of  section  through  the  hole. 


Fig.  Sa.    Section  through  lithodomus  cell 
along  the  line  a  6  of  Fig.  8. 


animal  bored  through  the  clay  and  only  just  touched  the  tooth,  it  would 
be  eaten  out  into  one  of  those  basin  or  saucer-like  cavities  so  com- 
mon over  most  of  these  Crag  fossils.  Boring  gasteropods,  burrowing 
sponges,  the  wear  and  decomposition  of  the  fossil  along  broken  or 
softer  and  more  soluble  portions,  must  also  be  taken  into  account. 
From  the  nature  of  the  case,  therefore,  we  might  expect  to  find 
sometimes  regular,  sometimes  irregular  cavities,  as  the  hole  was 
driven  right  through  from  one  side  only,  or  two  holes  from  opposite 
rides  were  afterwards  united. 

Thus  we  have  evidence  that  animals  which  could  produce  these 
holes  did  live  in  the  Crag  sea,  and  the  exceptional  cases  where  they 
bored  through,  or  where  the  partition  between  two  Vio\«&  onx  ^y^*^"^^ 
sides  waa  broken  through,  can  be  easily  explain^ 
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"With  regard  to  the  bead-like  bodies,  I  may  mention  fizBt  of  all  a 
fact  which  has  come  under  my  own  observation.  A  chalybeate 
spring  emptied  itself  into  a  small  stream  which  ran  over  a  clayey 
bed  into  the  marshes  of  North  Kent  Many  water  weeds  grew 
along  this  stream,  striking  their  roots  deep  into  the  day.  Aromid 
these  roots  the  iron  formed  concretions  in  the  clay,  especially  when 
they  were  decomposing,  and,  when  the  root  had  perished,  these  con- 
cretions hod  the  form  of  irregular  cylindrical  masses  with  a  hole 
down  the  middle.  Some  of  the  perforated  cylindrical  bodies  of  the 
Ci*ag  may  have  had  mutatis  mutandis  a  similar  origin.  Again, 
sponges  and  other  organisms  are  very  apt  to  grow  round  stems  of 
any  kind,  and  when  fossilized  these  would  often  preserve  the  cast 
only  of  the  body  around  which  they  grew.  A  similar  question  has 
been  raised  before  with  regard  to  some  remarkable  forms  derived 
originally  from  the  Chalk,  which  are  known  to  have  been  picked  up 
and  used  as  beads  in  later  times. ^ 

To  sura  up.  Those  who  would  bring  these  perforated  fossils  for- 
ward as  evidence  of  the  existence  of  man  in  tiie  Crag  period  must 
show — not  only  that  they  are  like  some  objects  known  to  have  been 
the  result  of  human  agency — but  also  that  Nature  could  not  or  was 
not  at  all  likely  to  have  produced  similar  forms. 

On  the  contrary,  however,  it  would  appear  that  most  of  them  are 
unlike  human  work,  and  that  some  of  tliem  were  and  all  may  have 
been  produced  by  well-known  natural  agents. 


IV. — On  the  Discovery  of  Eeptilian  Footprints  in  Nova 

Scotia. 

By  Alpred  R.  C.  Selwyn,  F.G.S., 

Director  of  the  Geological  Survey  of  Canada. 

THE  very  fine  series  of  fossil  footprints  which,  at  my  request, 
Principal  Dawson  has  kindly  examined  and  described  in  the 
accompanying  note,  were  discovered  last  summer,  in  Nova  Scotia, 
under  the  following  circumstances. 

Mr.  Scott  Barlow,  of  the  Canadian  (Jeological  Survey,  was  at  the 
time  engaged  in  geological  explorations  in  the  district  of  Spring  Hill, 
Cumberland  County,  where  he  met  Mr.  Albert  J.  Hill,  C.E.,  in 
charge  of  works  at  the  bridge  over  Eiver  Philip,  on  Section  viii.  of 
the  Intercolonial  Kailroad,  and  he  informed  Mr.  Barlow  that  he  had 
in  his  possession  a  slab  of  sandstone  showing  small  footprints,  which 
he  wished  to  present  to  the  Geological  Museum  in  MontreaL  Sub- 
sequently, on  the  Ist  September,  he  informed  Mr.  Bcurlow  that  slabs 
with  large  and  numerous  footprints  had  been  found,  and  were  at  the 
bridge.  At  the  same  time  Mr.  Hill  informed  Mr.  Sandford  Fleming, 
the  chief  engineer,  of  this  highly  interesting  discovery,  who  at  once 
took  steps  to  have  all  the  slabs  with  footprints  preserved,  and 
directed  that  they  should  be  given  to  Mr.  Barlow,  for  transmission 
to  the  Museum  of  the  Geological  Survey. 

^  ^  James  Wyatt   and   Rupert  Jones,  Oeologitt^  toL  t.,  1862,  pp.  233,  286.    See 
V^  Antiquity  of  Man,  p.  119. 
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The  quarry  in  which  they  were  found  is  on  the  land  of  Mr.  Asa 
IBillimore,  about  eight  miles  and  a  half  east  of  where  the  thick  Coal- 
seams  crop  out  on  the  property  of  the  General  Mining  Association, 
at  Spring  Hill,  and  three-quarters  of  a  mile  west  of  the  railroad 
bridge  over  Eiver  Philip. 

The  beds,  associated  with  that  in  which  the  tracks  were  found,  are 
of  a  reddish-brown  or  chocolate  coloured  sandstone,  from  one  to  five 
feet  thick,  overlaid  by  purple,  blue,  and  red  shales.  The  tracks 
were  at  a  depth  of  about  twelve  feet  from  the  surface,  in  a  thin 
stratum  of  dark  shale,  the  dip  being  S.  10®,  W.  42®. 

The  details  of  the  geological  structure  of  the  district  have  not  yet 
been  worked  out,  and  whether  the  beds  containing  the  footprints 
are  above  or  below  the  productive  Coal-measures,  is  at  present  un- 
certain. 

The  accompanying  photograph^  is  that  alluded  to  by  Dr.  Dawson 
of  the  slab  in  Ottawa. 


V. — ^NoTB  ON  Footprints  from  the  Cabbonifebous  of  Nova 
Scotia,  in  the  Collection  of  the  Geological  Subvey  of 
Canada. 

By  J.  W.  Dawson,  LL.D.,  P.R.S., 
Principal  of  McGill's   College,   Montreal. 

THE  principal  specimens  are  several  large  slabs  of  brownish  sand- 
stone, bearing  series  of  footprints  in  relief.  Of  the  largest  and 
most  distinct  series  40  to  50  footprints  have  been  preserved,  and  are 
arranged  in  two  rows,  about  6^  inches  apart.  I  may  confine  my 
attention  in  the  first  place  to  this  series,  as  the  most  important  of 
the  whole. 

They  were  probably  produced  by  a  large  Labyrinthodont  Batra- 
chian  walking  on  a  muddy  shore,  near  the  edge  of  the  water,  and  are 
not  very  dissimilar  from  those  described  by  Sir  C.  Lyell  as  found  by 
Dr.  King  in  the  Carboniferous  of  Pennsylvania.  They  also  closely 
resemble,  in  size  and  form,  the  footprints  found  by  Mr.  K.  Brown, 
F.G.S.,  in  the  coal-field  of  Sydney,  Cape  Breton,  and  described  by 
me  in  the  second  edition  of  "  Acadian  Geology,"  p.  358,  under  the 
name  of  Sauropits  Sydnensisy  and  still  more  closely  those  found  by 
Mr.  Jones,  F.L.S.,  at*  Parrsboro',  N.S.,  and  noticed  in  the  same  work. 
With  these  they  may,  in  the  mean  time,  be  included  in  the  provisional 
genus  SauropuB, 

The  dimensions  of  the  footprints  are  as  follows : — 

Hind  foot,  breadth      2*71  inches. 

„       „      ien^tn        ...        ...        ...        •••        ••.        ...  4  z^  ,, 

Fore  foot,  breadth        2*63  „ 

,,      I,    len^^m         ...        ...        •.•        ...        ...        ...  z  1 1  ,, 

Length  of  stride           ...        ...        ^»        ...        ...        ...  11*53  „ 

Average  distance  between  the  rows  of  footprints  made  by 

right  and  left  feet ...         ...         ...         ...         ...         ...  5*48      „ 

These  measurements  correspond  very  nearly  with  those  of  my 
Sauropus  Sydnensia  above  referred  to. 

>  Beproduced  as  a  woodcut  on  p.  252,  one-third  less  than  \Aie  OTV|^iks\  \^<^\Ai^g;n:^ 
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The  hind  foot,  it  vill  be  obaeired,  is  considenbly  longsr  than  Sk 
fore  foot,  Knd  has  a  sort  of  plaotigTade  appeannoe ;  sod  there  m 
some  indications  whicdi  sbow  that  the 
1^  must  have  been  strong;  and  thick. 

The  hind  foot  ahowB  four  well-  I 
developed  toes,  the  three  oater  stronger  I 
than  Ute  remaining  one.  l^ie  i 
also  a  fifth  toe,  whioh  must  have  been  j 
placed  at  a  higher  level  than  the  others 
on  the  outaide  of  the  foot.  It  bore  a  J 
long  claw,  which  was  plunged  into  the  | 
mad  at  each  step,  and  when  the  foot  I 
waa  raised  made  a  curved  trace  on  the  | 
Burface.  It  probabl;  coirespoaded  to  J 
the  tliomb-like  fifth  toe  of  the  Laby  I 
rintbodont,  and  to  tho  detached  outer  I 
toe  of  the  foot-prints  figured  by  S  r  0  [ 
Ljell.  The  fore  foot  is  as  broad  as  the  1 
hind  foot,  hut  much  shorter,  and  shows  I 
four  strongly -marked  toes,  with  more  I 
obscnre  impressions  of  a  fifth.  I 

All  the  toes  of  both  feet  are  broad  m  I 
front,  and  seem  to  havo  had  daws  but  | 
not  of  great  length,  except  in  the  case  I 
of  the  detached  toe  of  tho  hind  foot  above  I 
referred  to.  There  is  no  indication  of  a  ( 
membrane  connecting  tho  toes. 

The  printa  of  the  hind  and  fore  feet  I 
of  each  side  are  in  a  line,  and  the  d  s 
tance  between  the  right  and  left  lines 
say  o^  inches,  indicates  a  brood  body  n  I 
comparison  with  tho  length  of  the  legs   i 

llie  impression  of  the  hind  foot  is  i 
either  a  tittle  way  behind  that  of  the  E 
forefoot,  or  the  impreasions  ore  ec 
distant,  indicatingawalkinggaitvaryi  ^  ' 
somewhat  in  the  length  of  the  stride 

There  are  no  indications  of  a  tail  i 
and  in  general  the  body  was  cam  d  I 
clear  of  the  ground ;  but  in  one  place 
it  has  been  dragged  along  the  surface  1 
leaving  longitudinal  furrows,  probably  L 
indicating  t£at  the  abdomen  was  clothed  1 
with  bony  scales,  as  was  generally  tha  ' 
case  in  the  labyrinthodonte  of  the  Car 
boniferouB.  On  another  slab  there  eeems  ^^^  Buji«rai/«- 
to  have  been  a  soft  place  where  the  legs  noi  sacdtton 
if  Hie  animal  have  sunk  deeply  into  tho  mud  and  it  would  appear 
ft  have  been  mired,  extricating  itself  with  some  diffioal^,  and 
n^  deep  markB  of  the  Irady  bii&  ^egs. 
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These  footprints  mast  have  been  made  on  a  subaerial  snrface,  prob- 
ably left  diy  by  the  recession  of  the  tide,  and  rain  must  have  fallen 
shortly  before  the  animal  passed  over  it,  as  indicated  by  the  pitted 
appearance  of  the  slabs.  The  trunk  of  the  creature  may  have  been 
three  feet  in  length.  Its  tail,  if  it  had  such  an  appendage,  must 
haTe  been  short  or  carried  in  the  air  without  touching  the  ground. 
Its  legs  were  strong,  and  bore  the  body  well  above  the  surface  when 
walkixig;  The  only  known  Carboniferous  batrachian  of  Nova  Scotia 
which  oonld  have  made  these  impressions  is  Baphetes  planicepa, 
OwBQy  discovered  by  the  author  in  the  coal-field  of  Pictou, 
EoMaunu  Aeadiengis,  of  Marsh,  from  the  Joggins,  was  a  creature 
of  Bofficient  size,  but  probably  of  different  structure,  and  more 
exclusively  aquatic  habits. 

The  principal  distinctive  character  of  the  present  specimens  is  the 
peculiar  appendage  on  the  hind  foot,  and  from  this  we  may  give  the 
providontd  name  Sauropus  unguifer  to  these  footprints,  until  the 
azumal  which  produced  them  shall  be  known  to  us  by  its  bones. 

It  ifl  interesting  that  in  three  localities  in  Nova  Scotia,  and  two  in 
Pennsylvania,  footprints  of  this  general  type  and  of  the  same  size 
have  been  found,  indicating  the  wide  diffusion  and  abundance  of 
these  large  batrachians  in  the  Oavboniferous  period  in  North 
America,  and  also  that  they  were  animals  comparable  in  size  and 
development  of  limb  with  some  of  their  successors  in  the  Mesozoic 
period. 

One  of  the  slabs  in  the  rooms  of  the  Survey  shows  a  number  of 
less  distinct  footprints  of  an  animal  which  may  have  been  two- 
thirds  of  the  size  of  that  above  described,  though  possibly  of  the 
same  species. 

On  another  slab,  and  associated  with  the  larger  footprints,  are 
some  small  trifid  impressions  which  seem  to  indicate  the  presence  of 
a  still  smaller  animal,  with  feet  of  different  form  from  those  of  the 
others.  These  small  trifid  footprints  are  not  dissimilar  from  those 
found  by  Sir  W.  E.  Logan,  at  Hoi-ton,  in  18-il,  and  which  were  the 
first  indications  of  reptilian  life  discovered  in  the  Carboniferous. 
They  are  also  allied  to  those  subsequently  discovered  by  Dr.  Harding 
at  p€u:boro',  and  by  myself  at  the  Joggins,  and  i*eferred  to  in  Acadian 
Geology.  These  smaller  footprints,  showing  marks  of  three  toes, 
and  in  more  distinct  impressions  of  four  or  five,  I  have  conjectured 
may  have  been  produced  by  Labyrinthodonts  of  the  type  of  Den- 
drerpeton. 

In  addition  to  the  slabs  above  referred  to,  there  is  another  in  the 
possession  of  S.  Fleming,  Esq.,  C.E.,  in  Ottawa,  of  which  I  have 
seen  a  photograph  and  which  is  reproduced  in  the  accompanying 
woodcut.  It  contains  a  good  series  of  Sauropus  unguifer,  above 
described,  and  shows  best  the  equidistant  character  referred  to 
of  some  of  the  impressions. 
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YI. — On  Changes  of  Climate  dubino  the  Glacial  Epoch. 

By  Jams  Obikib,  F.R.S.E. 
District  Snrreyor  of  the  Geological  Snirey  of  Scotland. 

Concluding  Paper} 
{Continued  from  the  May  Number,  p,  222.) 

IN  a  former  paper '  I  referred  very  briefly  to  the  saooeeaioii  of 
glacial  deposits  in  Switzerland.  It  was  stated  that  no  inter- 
glacial  beds  like  those  of  Scotland  and  America  occur  in  the 
Swiss  grundmorane.  But,  as  every  geologist  is  aware,  ProfeMor 
Heer  and  others  have  shown  that  the  lignite-beds  of  the  Cantons 
of  Zurich  and  St  Gall  are  really  of  interglacial  age,  since  thej  not 
only  rest  upon  but  are  covered  by  glacial  deposits.'  There  can  be 
but  one  opinion  as  to  the  position  in  the  series  occupied  by  these 
lignite- beds ;  they  are  clearly  intermediate  in  date  between  the 
accumulation  of  the  old  grundmorane  and  the  deposition  of  that 
**  moraine  rubbish  "  which  marked  the  new  advance  of  the  glaciers.* 
This  being  the  case,  they  cannot  represent  the  beds  that  occur  in  the 
*'  till"  of  Scotland,  but  must  belong  to  a  later  stage.  K  this  correlation 
be  correct,  it  seems  to  me  that  the  Swiss  beds  will  serve  partly  to 
fill  up  a  great  blank  in  our  record,  and  help  us  to  realize  the  con- 
dition of  our  country  in  the  long  ages  that  elapsed  between  the  dis- 
appearance of  the  great  confluent  glaciers  and  the  subsequent  period 
of  submergence,  which  gave  rise  to  the  "  kames  "  and  "  esker-drift." 
This  will  appear  probable,  as  I  hope  to  show,  after  we  have  taken  a 
glance  at  the  glacial  deposits  in  the  north  of  Italy. 

Every  glacialist  knows  that  where  the  Dora  Baltea  issues  from 
the  Val  d'Aosta,  to  enter  upon  the  plains  of  Piedmont,  there  occurs  a 
moraine  of  gigantic  proportions.  This  moraine  is  not  only  remark- 
able for  its  great  size,  but  for  the  proof  it  aflbrds  that  the  mighty 
glacier  to  which  it  owes  its  origin  must  have  crept  over  the  surface 
of  loose  and  incoherent  deposits  of  sand  and  gravel  without 
materially  denuding  them.  The  section  of  the  moraine  and  under- 
lying deposits  is  given  by  MM.  Martins  and  Gastaldi  *  as  follows : 

3.  Terrain  morainique. 

2.  Diluvium  alpin. 

1.  Sables  Pliocenes  inarins. 

'  For  conyenienco  of  reference,  the  following  is  the  order  of  appearance  of  the 
earlier  portions  of  Mr.  James  Geikie's  paper  *'  On  Changes  of  Climate  durinf  the 
Glacial  Epoch." 

FirstPaper — Obol.  Mao.,  Vol.  VIII.,  Deer.  1R71,  p.  645. 

„  IX,   Jany.  1872,  p.    23. 

Fcbry.    „     p.    61. 

March    „     p.  105. 

April      „     p.  164. 

May        „     p.  215. 

•  Gbol.  Mao.,  Vol.  IX.,  p.  61. 

•  The  mammalian  remains  associated  with  the  lignite-beds  are  Elephas  antiquuSf 
Jtkinoeerot  Merkii^  Jaeg.,  Bos  primigeniut,  Cervut  eiaphus,  and  Ursi4e  epclteue.  See 
fiie  Urwelt  der  Schweiz,  p.  497. 

«  OsoL.  Mao.,  Vol.  Ia.,  p.  62. 

•  ^nix  de  la  8ae.  g^ol.  de  France,  torn,  m.,  2me.  «<rve,  p.  554. 
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The  upper  deposit  (3)  is  chiefly  noteworthy  for  its  enormoos 
thickness,  otherwise  it  exactly  resembles  the  moraines  of  the  Swiss 
Alps.  The  bed  2  also  answers  precisely  to  the  Alpine  dilavium 
described  by  Morlot  and  others.  It  contains  no  fossils,  and  seems 
to  be  composed  of  more  or  less  rounded  stones,  irregularly  stratified. 
None  of  the  stones  are  scratched,  and  no  angular  blocks  occur 
among  them.  Towards  the  upper  surface  of  the  deposit,  however, 
erratic  blocks  begin  to  appeal*,  and  the  ''  diluvium "  then  assumes 
the  aspect  of  a  moraine  profonde.  The  underlying  Sables  Pliocenes 
nuurins  contain  a  number  of  fossils,  of  which  the  following  are  said 
to  be  characteristic  [the  notes  on  the  shells  have  been  kindly 
famished  by  my  friend  Mr.  Etheridge]  : 


Fatf/asii  (Menard)  occurs  in  our  Coralline  Crag  and  Red  Crag,  and  is 

liTing  in  the  seas  of  Sicily. 
PteUnjacobmu  ;  not  known  fossil  in  British  strata ;  a  Mediterranean  shell. 
IW^iw  maximM  (Linn) ;  Coralline  Crag  and  Bed  Crag ;  Drift ;  living  in  British  Seas, 

Korth  Sea,  an4  Mediterranean. 
Noe  (Mont)=Jt.  tstroffona  (Poli) ;  Coralline  Crag  and  Red  Crag;  linng  in 

Scandinavian  and  British  Seas,  and  Mediterranean. 

waxatilia  ;  Snhappenine  shell ;  not  known  in  Britain ;  living  in  Mediterranean. 

Brandaris^M.  triaeanthut  (Gmelin);  Miocene  shell;  said  to  be  living  in 

Mediterranean. 
Kama  conglobata  (Broc.);  occurs  in  Red    Cra^.  extremely  rare;    a  Miocene  and 

SuSappenine  species ;  not  known  in  our  orift ;  extinct. 
Nm99a  prittnatiea  (Broc) ;  Coralline  Crag  and  Red  Crag ;  not  Glacial  nor  in  any 

drift ;  lives  in  the  Mediterranean. 
Ndiica  millepunetata  (Lamk.)  Miocene  shell ;  lives  in  Mediterranean. 
Bantila  lavigata  (Lamk.)=i?.  marginata  (Sow)  Miocene,   (?)  living.     (Much  con- 
fusion about  this  shell.) 

Besting  upon  the  marine  sands  which  contain  the  above  fossils, 
oocnrs  here  and  there  an  ancient  alluvium,  which  is  believed  by  Martins 
and  Oastaldi  to  be  of  older  date  than  the  alpine  diluvium.  This  de- 
posit has  yielded  remains  of  the  Mastodon,  the  Bhinoceros,  the  Hip- 
popotamus, eta,  along  with  shells  of  such  genera  as  Clausilia,  PaludtnOf 
and  Helix,  In  the  paper  to  which  I  am  indebted  for  these  details, 
Martins  and  Gastaldi  correlate  this  section  with  that  at  Diimten, 
and  are  clearly  of  opinion  that  the  Italian  **  alluvium  with  bones  "  is 
the  equivalent  of  the  slate-coal  or  lignite  of  Switzerland.  But  at  the 
time  Uieir  paper  was  written,  the  interglacial  character  of  the  Diimten 
beds  had  not  been  ascertained.  It  is,  therefore,  possible  that  their 
opinion  on  this  point  may  have  undergone  some  change  ^  since  that 
discovery  was  announced ;  for,  according  to  them,  the  marine  sand 
and  freshwater  alluvium  of  the  plains  of  Piedmont  are  Pliocene,  and 
therefore  preglacial.  Many  considerations,  however,  lead  me  to 
believe  that  the  correlation  of  the  Italian  and  Swiss  deposits,  which 
Martins  and  Gastaldi  have  made,  need  not  be  abandoned,  notwith- 
standing that  the  Diimten  beds  have  since  proved  to  be  of  inter- 
glacial age. 

It  will  readily  be  admitted  that  the  vast  changes  of  climate  which 
are  indicated  by  the  interglacial  beds   and  associated   deposits  of 

^  In  a  recent  memoir  Gastaldi  takes  no  notice  of  the  Diimten  beds,  and  continues 
to  describe  the  Italian  deposits  as  belonging  to  the  PUoceiie.     \^eft  Biu&u  wlXt 
A^  (hdtUnUai/  Mem,  del  E.  Omit.  Geol.  d'ltal,^  vol.  \.,  Un.^ 
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Diimten  oould  not  be  due  to  mere  local  causes  affecting  Switzerland 
alone — they  must  have  left  their  mark  over  a  wide  area  in  Europe. 
It  is  therefore  not  unreasonable  to  expect  that  among  the  glaoal 
do|K>8its  of  Italy  we  ought  to  find  some  traces  of  former  oacillationfl 
of  climate.  As  far  as  I  am  aware,  however,  no  such  traces  have  yet 
biH^u  recognized.  All  that  has  been  asserted  in  regard  to  the  old 
Italian  glaciers  is  simply  this — that  they  once  deployed  upon  the 
plains  of  Piedmont,  and  finally  retired,  leaving  behind  them,  ai 
murks  of  their  ancient  extent,  the  gigantic  moraines  of  the  Dora 
Baltea,  the  Dora  Eiparia,  and  those  in  the  neighbourhood  of  Arona. 

It  will  be  remembered  tliat  one  of  the  strongest  objections  to  Prof. 
Bamsay's  theory  of  the  origin  of  lake-basins  by  ghunal  erosion,  wai 
the  fact  that  tlie  vast  glaciers  of  Italy  had  actually  crept  upon  the 
plains  of  Piedmont,  without  excavating  any  great  cavity  in  the  soft 
rliocenc  sands.  ^  I  have  always  felt  tliat  this  objection  would  have 
some  force,  if  it  could  be  shown  that  the  so-called ''  Pliocene  "  beds 
which  underlie  the  great  moraines  are  really  of  preglacial  age. 
But  this  is  just  the  point  which  has  not  yet  been  proved.  ThA 
mammalian  remains  in  the  old  alluvium  certainly  do  not  prove  it, 
neither  do  the  shells  which  occur  in  the  underlying  marine  sands. 
Of  the  nine  species  of  mollusea  mentioned  by  Martins  and  Gastaldi 
as  characteristic,  seven  are  still  living  in  the  adjoining  seas,  one  is 
doubtful,  and  only  one  is  said  to  be  extinct  There  is  nothing, 
therefore,  in  the  fossil-evidence  to  show  that  these  beds  arc  of  pre- 
glacial age :  as  far  as  that  goes,  thej'  might  quite  well  belong  to 
interglacial  or  still  more  recent  times. 

If  interglacial  beds  do  not  now  occur  in  the  north  of  Italy,  it  is  not 
because  they  never  existed ;  their  absence  can  only  be  at-counted  for 
by  denudation.  During  that  long  interglacial  period  in  Switzerland, 
when  the  colossal  glaciers  had  shrunk  back  to  the  deep  Alpine 
valleys,  and  oaks  and  pines  clustered  along  the  borders  of  the  Swiss 
lakes,  the  vast  glaciers  of  the  Italian  Alps  must  likewise  have  retired, 
and  vegetation  must  then  have  followed  their  retreating  steps  to- 
wards the  mountain  fastnesses.  When  the  cold  returned,  and  the 
glaciers  of  Switzerland  once  more  ploughed  their  way  outwards, 
until  they  reached  a  point  far  beyond  where  the  ligintc-beds  are 
now  found,  it  is  equally  certain  that  this  ico  would  creej>  down  the 
Italian  valleys,  and  might  well  deploy  upon  the  plains  of  l*iedmont, 
here  scooping  out,  and  there  covering  up  with  debris  the  aqueous 
deposits  which  had  gathered  in  its  absence.  All  that  the  last  great 
advance  of  the  glaciers  could  do  would  be  to  deepen  rc>ck-basins 
which  had  been  hollowed  out  in  the  preceding  cohl  jieriods  of  the 
glacial  epoch,  and  slightly  to  erode  and  smooth  valleys  whose 
origin  dates  back  to  times  incalculably  more  remote  than  even  the 
dawn  of  the  glacial  epoch.  If  during  the  last  interglacial  j)criod, 
when  the  Diimten  beds  were  beuig  fonued.  all  the  great  lake- basins 
of  the  Alps  had  been  silted  up,  it  is  highly  improbable  that  these 
hollows  would  have  been  again  cleared  out  by  the  last  extension  of 
the  gladers.    To  have  allowed  such  a  silting-up  by  streams  and 

^  Antiquity  of  Man,  p.  313. 


Jame%  Oeikie — On  Changes  of  Climate.  257 

BTB,  liowever,  the  latest  intefglaoial  period  muat  have  been  very 
^longed  indeed ;  of  much  greater  duration,  in  fact,  than  we  have 
y  grounds  for  belieying  it  to  have  been.  But  what  could  not  be 
isoted  by  streams  and  rivers,  might  yet  be  accomplished  by  the  sea. 

while  the  last  interglacial  period  endured,  and  the  elephant  and 

congeners  wandered  along  the  shores  of  Zurich  and  the  Lake  of 
instance,  the  north  of  Italy  happened  to  be  submerged  to  a  depth 
800  feet  or  thereby  below  its  present  level,  then  it  is  conceivable 
&t  some  of  the  great  rock-basins  at  the  mouths  of  the  Alpine 
lleys  might  become  filled  up  with  marine  deposits.  Now  this 
just  what  I  would  infer  did  take  place  in  the  early  stages  of 
B  last  interglacial  period,  and  the  so-called  **  Pliocene  sands  "  are 
e  deposits  which  I  am  inclined  to  believe  were  then  laid  down, 
hile  the  genial  climate  which  marked  the  deposition  of  these 
ads  continued  to  prevail,  it  would  seem  that  the  movement  of 
bsidence  which  had  brought  the  base  of  the  Alps  within  reach 

the  waves  was  reversed,  and  the  land  once  more  appeared, 
[vers  then  flowed  over  what  had  recently  formed  the  bed  of 
e  sea,  and  deposited  those  alluvia  in  which  the  remains  of  Masto- 
•n.  Hippopotamus,  etc.,  are  entombed.     As  this  mild  period  drew 

a  close,  snow  and  ice  again  thickened  in  the  valleys,  and 
rrents  in  summer-time  overspread  the  plains  of  Piedmont  with 
eat  deposits  of  gravel — the  Alpine  diluvium  of  Italian  geolo- 
sts.  ^Vhen  the  glaciers  once  more  issued  from  their  deep  valleys, 
ey  would  be  unable  to  clear  away  the  immense  deposits  of 
luvium  and  marine  sand  which  had  collected  during  the  previous 
ild  interglacial  period.  And  thus  it  seems  to  me  not  improbable 
at  large  and  deep  rock-basins  do  really  exist  below  the  marine 
nds  of  Piedmont  at  those  points  where  the  valleys  of  the  Dora 
dtea  and  the  Dora  Eiparia  open  upon  the  great  plains. 
In  support  of  this  opinion,  it  may  be  remarked  that  along  the 
ontiers  of  the  Alps,  between  Arona  and  Eivoli,  there  appears  to  be 
L  entire  absence  of  the  grundmorane,  which  in  Switzerland  extends 

such  a  distance  beyond  the  limits  reached  by  the  newer  moraines 
At  overlie  the  lignites.^  It  is  hardly  conceivable  that,  during  the 
cumulation  of  the  Swiss  grundmorane,  the  glaciers  of  Italy  never 
:tended  further  south  than  the  ground  now  occupied  by  the  great 
oraines.  Mere  difference  of  latitude  does  not  enable  us  to  get  over 
JiB  difficulty.  We  may  readily  admit  that  the  Italian  glaciers  would 
>  arrested  in  their  downward  course  sooner  than  those  of  Switzer- 
nd ;  yet  the  vast  extent  of  the  Swiss  grundmorane  indicates  a 
rmer  intensity  of  cold,  which  must  needs  have  given  rise  to  glaciers 

Italy  of  even  greater  magnitude  than  those  which  piled  up  the 
gantic  moraines  of  I\Tea.  If,  however,  it  be  possible  to  admit  the 
terglacial  age  of  the  marine  sands,  etc.,  of  Piedmont,  then  aU  our 
fficulties  vanish,  and  the  absence  of  lake-basins  and  older  glacial 
sposits  is  at  once  accounted  for.' 

^  Unless,  indeed,  some  of  thoBe  large  erratics  which  are  found  upon  the  hills  above 
xrin  be  the  representatives  of  the  older  Swiss  moraines.   Gastaldi,  however,  believes 
em  to  be  of  M  iocene  age. 
•  When,  some  time  ago,  I  communicated  to  my  friend,  Pro!.  'Eam^a^,  ^xow!i^  o'^S*- 
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In  a  previous  paper  ^  I  remarked  that  we  have  no  certain  record  of 
what  transpired  in  Britain  between  the  final  disappearance  of  the 
confluent  glaciers  and  the  deposition  of  the  esker-diift, — all  that  we 
can  safely  assert  is,  that  "  the  ice  had  in  large  measure  melted  away 
from  the  land  before  submergence  ensued."  We  are  quite  sure  that 
a  land-surface  existed  in  the  British  area  after  the  disappearance  of 
the  great  ice-sheets,  and  before  the  accumulation  of  the  kames, 
although  whether  our  country  was  continental  or  not,  there  is  no 
evidence  in  Britain  to  show.  But  that  such  may  have  been  the 
case  would  appear  not  improbable  from  the  following  considerations. 

If  we  compare  the  deposits  accumulated  during  the  last  interglacial 
period  in  Britain,  Switzerland,  and,  as  I  have  suggested,  in  Italy,  we 
shall  find  that  movements  of  elevation  and  depression  have  affected 
the  northern  and  southern  regions  of  Europe  alternately.  This  will 
be  seen  at  a  glance  when  the  separate  sections  are  placed  side  by  side. 
The  series  are  arranged  in  descending  order : — 

Britain, 
8.  Moraines,  brick-olayi,  and 
erratics :  Land  ami  Sea. 
[Cold  Conditions.] 
b  Karnes,     sand     and 

^  ^  a  ?  Birer  deposits,  etc. 
Zand* 

rMild  Conditions.] 
1.  Glacial  deposits. 


riiild  Conditions.] 
1.  Glacial  deposits. 


Switzerland. 
8.  Moraines :  Land. 

[Cold  Conditions.] 
2.  Lignite  beds :  Land. 


Italy. 
8.  Moraines:  Land. 

[Cold  Conditions.] 

ty[h  Old  allavia :  Land. 
^\a  Sand,  etc.  Sea. 


[Mild  Conditions.] 
1.  Probably    glacial    de- 
positfi. 

Itfany  facts  seem  to  show  that  any  considerable  subsidence  of 
the  earth's  crust  in  one  region  will  be  accompanied  by  a  cor- 
responding elevation  in  some  other  area;  or,  to  put  it  tiie  other 
way,  elevation  in  one  place  will  be  accompanied  by  subsidence  in 
another.  If  this  view  be  not  imreasonable,  it  is,  to  say  the  least,  quite 
possible  that  while  the  north  of  Italy  was  being  slowly  depressed, 
the  British  area  wets  being  as  gradually  upheaved.  It  is  true  we  do 
not  know  at  what  elevation  Italy  stood  above  the  sea  before  the 
depression  began,  nor  can  we  be  quite  certain  as  to  the  line  event- 
ually reached  by  tho  waves  along  the  flanks  of  the  Alps.  But  the 
subsidence  probably  did  not  greatly  exceed  800  feet  or  thereby  below 
the  present  level  of  the  Mediterranean ;  and  we  shall  perhaps  not  be 
deemed  extravagant  if  we  assume  that  before  the  land  began  to  sink  it 
was  at  least  not  less  extensive  than  it  is  now.  Eetuming  to  Britain — 
it  would  not  be  difficult  to  show  that  even  after  the  deposition  of  our 
kames  had  commenced    Scotland  stood  at  a  level  relative  to  the 

line  of  these  suggestions,  I  was  pleased  to  hear  from  him  that  he  had  lon^  been  of 
opinion  that  the  plain  upon  which  Aosta  stands  is  an  old  rock-basin  filled  up  with 
ailuYium,  and  that  there  are  others  of  the  same  kind  between  that  and  ivrea. 
'*  These  are  common,"  he  says,  **in  many  of  the  great  Alpine  Talleys,  and  in  Cumber- 
land they  are  rery  frequent."  [Similar  phenomena,  I  may  add,  occur  in  Scotland.! 
There  is  no  reason.  Prof.  Bamsay  thinks,  why  the  old  ossiferous  alluTium  dcscribea 
by  Martins  and  Gastaldi,  should  be  called  Flioeene^  and  perhaps  as  little  for  referring 
to  that  period  the  marine  sands  with  shells.  These  beds  might  be  of  the  same  age  as 
Ae  Cromer  Forest  bed,  or  even  much  younger. 
'  GsoL,  Mao.,  Yol.  IX.,  p.  23. 
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preseiit  coast-line  not  mnoh  below  where  it  stands  now.  But  to 
adduce  proof  of  this  would  lead  me  into  too  much  detail,  and  I  shall 
Aeiefore  take  the  liberty  of  assuming  that  before  the  process  of 
flobBidence  commenced  in  Italy,  the  shores  of  that  country  and  of 
Britain  occupied  very  much  the  same  position  as  at  present  It 
is  evident,  on  the  hypothesis  referred  to  above,  that  long  before  the 
interglaoial  submergence  in  Italy  (so-called  pliocene  beds)  could 
reach  its  climax,  Britain  would  become  continental.  An  devation 
of  only  120  feet  or  thereby  would  be  sufficient  to  effect  a  junction ; 
and  even  if  the  upheaval  in  Britain  reached  but  half  the  extent  that 
the  subsidence  ultimately  attained  in  Italy,  the  sea  must  have  well- 
nigh  vanished  from  the  bed  of  the  Q^rman  Ocean  and  the  English 
Channel  at  a  time  when  the  waves  were  washing  the  base  of  the 
Italian  Alps.  Such  a  continental  condition  would  probably  endure 
for  a  lengthy  period,  to  be  measured  by  the  time  required  for  the 
subsidence  of  Piedmont,  the  accumulation  of  the  so-called  ''  Pliocene 
aandsy"  and  the  partial  re-elevation  of  the  land.  For  if,  during  the 
subaidenoe  of  Piedmont,  Britain  became  continental  before  that 
downward  movement  was  completed,  our  country  would  continue 
in  the  same  condition  for  some  time  even  after  &e  re-elevation  of 
Italy  had  begun.  But  as  Italy  mounted  higher  and  higher,  the  sea 
woiidd  gradually  steal  in  between  Britain  and  the  Continent  until 
complete  insulation  was  brought  about.  Thereafter,  the  subsidence 
in  Britain  continued  until  the  Welsh  mountains  were  laved  at  a 
height  above  the  present  coast-line  of  not  less  than  1400  or  even  2000 
feet.  With  such  excessive  depression  in  the  north  of  Europe — a 
depression  that  brought  the  sea  over  a  large  part  of  Scandinavia, 
Bassia,  Germany,  Denmark  and  Holland — it  may  be  inferred  that 
the  elevation  in  the  south  of  Europe  raised  far  above  the  sea-level 
grounds  which  now  lie  drowned  in  the  Mediterranean.^ 

In  the  early  stages  of  this  period  of  elevations  and  depressions  the 
climate  would  appear  to  have  been  mild  and  genial  all  over  Europe ; 
indeed,  it  is  very  doubtful  whether  any  glaciers  existed  in  Britain  at 
ibis  time.  For  the  climate  of  the  last  interglaoial  period  may  fairly 
be  inferred  to  have  been  as  genial  as  the  succeeding  glacial  period 
was  cold.  It  was  under  such  conditions  that  the  Elephant,  the 
Bhinoceros  and  other  extinct  mammalia  inhabited  Switzerland. 
Then,  too,  Man  and  the  great  pachyderms  (Rhinoceros,  Hippo- 
potamus, eta)  may  have  crossed  into  Britain — but  not  for  the  first 
time.  Some  portion  of  the  English  river-gravels  and  cave-deposits 
I  would  therefore  refer  to  this  period.  Of  course  I  am  aware  that 
no  traces  of  this  old  land-surface  have  yet  been  detected  underneath 
the  kames  of  Scotland.  But  as  the  very  presence  of  these  deposits 
pre8upi>oses  great  denudation,  the  absence  of  any  traces  of  a  land- 
rarface  is  hardly  to  be  wondered  at.  In  this  connexion,  however,  I 
would  refer  to  the  peat  (with  palseolithic  implements  and  bones  of  the 

^  If  the  npheayal  iD  the  sonth  of  Earope  at  all  equalled  the  depression  in  the 
botUi,  it  ean  hardly  be  doubted  that  there  would  be  land  communication  between 
Africa  md  Enrope—the  soundings  between  Sicily  and  Cape  Bon  vndicoL^KA^  >3fiA 
of  a  lubmarine  ndge  within  Jess  than  100  fathoma  from  tYie  «va^«Ae. 
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cave-bear),  which  Prof.  Nilsson  describes  as  nnderlying  the  Jiiv 
wall — a  great  ridge  of  sea-gravel  extending  "  along  ue  coast  of  the 
Baltic  from  Tstad  to  the  part  between  Trelleborg  and  Falsterba" 
If  this  ridge  be  an  asar  (as  from  the  description  may  be  inferred), 
and  should  it  prove  to  belong  to  the  great  asar  serieti,  this  would 
demonstrate  that  man  had  inhabited  Sweden  before  the  last  greit 
submergence  and  period  of  floating-ice. 

Before  leaving  the  subject  of  the  snperiicial  deposits  of  Italy,  it 
may  be  remarked  that  in  the  marl-beds  and  morainio  turbaries  of 
Piedmont,  the  most  ancient  relics  of  man  yet  detected  belong  to  the 
neolithic  and  bronze  periods — the  Italian  palafilte  answering  pre- 
cisely to  the  Swiss  pfahlhauien.  The  animal-remains  associated  with 
the  palafitte,  are  the  dog,  pig,  horse,  ox,  goat,  sheep,  stag,  roebuck, 
boar,  bear  {Ursua  arctos),  etc.  .  In  none  of  the  peat-mosses,  alluvia, 
or  marl-beds,  which  are  clearly  of  later  date  than  the  morunes,  have 
any  of  the  old  pachyderms  occurred;  these  have  only  been  met 
with  hitherto  in  caves  and  in  deposits  of  older  date  than  the 
moraines  and  the  "Alpine  Diluvium"  upon  which  these  latter  rest' 

Similarly,  as  regards  Switzerland,  the  alluvium  that  fills  up  de- 
pressions in  the  morainio  deposits,  or  otherwise  occupies  positionfl 
which  sliow  it  to  be  of  postglacial  age  (that  is,  of  later  date  than  the 
last  great  advance  of  the  glaciers),  contains  none  of  the  "Quatern- 
ary" mammalia,  but  an  assemblage  of  fossils  similar  to  that  of  the 
marl-bods  and  morainio  turbaries  of  Italy.  The  Dumten  beds,  with 
elephant  and  rhinoceros,  occupy,  beyond  question,  an  interglacial 
position — they  rest  upon  and  are  clearly  covered  by  glacial  deposits. 

In  Scotland  and  Scandinavia  similar  phenomena  recur.  None  of 
the  pachyderms  aro  found  in  any  postglacial  bod ;  but  underneath  the 
till,  and  in  interglacial  beds,  in  the  former  country,  we  get  the 
mammoth,  the  reindeer,  the  urus,  the  horse,  and  the  Irish  deer ;  and 
in  the  latter  country  we  find  bones  of  the  cave-bear  along  with  palwo- 
lithic  implements  imbedded  below  deposits  which  are  probably  the 
equivalents  of  our  kames. 

Tlie  marl -beds,  alluvia,  and  peat-mosses  of  Northern  Europe,  like 
the  equivalent  deposits  which  overlio  the  later  glacial  accumulations 
of  Italy  and  Switzerland,  have  only  yielded  relics  of  the  neolithic, 
bronze,  and  iron  jDeriods. 

I  would  also  remind  the  geologist  of  the  verj-  remarkable  distri- 
bution of  the  Quatemaiy  mammalia  in  high  latitudes  of  Asia  and 
North  America.  All  the  great  rivers  of  Northern  Asia,  from  the 
borders  of  Europe  to  Beh  ring's  Straits,  appear  to  flow  through  allu- 
vial deposits,  which  are  often  literally  packed  with  the  remains  of 
mammoth,  Siberian  rhinoceros,  etc.  Similar  fossils  are  met  with, 
but  not  so  abundantly,  on  the  banks  of  several  rivers  in  Alaska. 
But  in  the  northern  latitudes  east  of  the  Rocky  Mountains  no  such 
mammalian  remains  have  been  detected.  According  to  Sir  J. 
Bicliardson,  "none  have  hitherto  been  found  in  Bupert's  Land, 
tliough  the  annual  waste  of  the  banks  of  the  large  rivers  and  the 
frequent  land-slips  would  have  revealed  them  to  the  natives  or  fur 

'  Gastaldi,  Lake  Habitations  and  Pte\i\a\At\Q  BAmaina  in  Italy. 
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traders  had  thej  existed  even  in  small  numbers.  They  are  rare, 
also,  or  altogether  wanting,  in  Canada;  but  in  the  valley  of  the 
Mississippi  the  bone-licks  are  well  known  as  most  extensive,  and 
furnishing  the  remains  of  a  different  series  of  extinct  quadrupeds."  ^ 
In  Michigan,  which  is  fairly  within  the  glaciated  region  of  North 
America,  manmialian  remains  are  only  met  with  in  what  appear 
to  be  interglacial  deposits :  at  all  events,  the  deposits  referred  to 
overlie  and  are  covered  by  glacial  accumulations^  The  great ''  bone- 
Hcks,"  to  which  Sir  J.  Bichardson  alludes  occur  beyond  the  southern 
limits  of  the  «  Northern  Drift" 

Thus  it  will  hardly  fail  to  strike  one  as  remarkable,  that  remains 
of  the  extinct  mammalia  are  either  altogether  absent  from,  or  very 
sparingly  present  in,  regions  which  give  evidence  of  having  been 
subjected  to  more  or  less  intense  glaciation,  or  are  covered  by  deep 
aoQamulati(ms  of  the  later  glacial  drifts.  In  Britain,  Italy,  and 
Switzerland  alike  the  old  ossiferous  alluvia,  when  traced  from  the 
low  grounds  to  the  mountains,  disappear  as  soon  as  the  moraines 
and  "  alpine  diluvium  "  are  reached.  Nowhere  in  morainic  turbaries 
or  alluvium  which  can  be  demonstrated  to  be  of  postglacial  age  do 
any  traces  of  the  extinct  pachyderms  appear.  But  these,  when  they 
do  occur  in  glaciated  or  drift-covered  regions,  are  invariably 
embedded  in  infraglacial  or  interglacial  deposits.  It  is  so  in 
Scotland,  and  (if  the  Jara-wall  be  one  of  the  asar)  in  Scandinavia 
also.  The  same  rule  seems  to  hold  good  with  respect  to  Asia  and 
North  America.  The  great  plains  of  Siberia  never  could  have 
nourished  glaciers.  We  cannot  conceive  that  even  during  the  most 
intense  cold  of  the  glacial  epoch,  conditions  similar  to  those  which 
charactei-ized  Scandinavia  and  Scotland  could  have  existed  in 
Northern  Siberia  :  the  absence  of  high-grounds  and  the  comparative 
dryness  of  the  climate  must  have  prevented  any  accumulation  of 
glacier-ice.  Nor  can  I  learn  that  marine  deposits,  similar  to  our 
boulder-clays  and  esker-drifb,  cover  any  portion  of  Northern  Asia. 
If  cones  and  mounds  of  sand  and  large  erratics,'  like  those  of  North 
America,  occurred  in  Siberia,  travellers  would  hardly  have  failed  to 
mention  them.  But  all  this  is  changed  when  we  pass  into  the  cor- 
responding latitudes  of  North  America  east  of  the  Bocky  Mountains. 
There  the  observer  encounters  the  marks  of  glaciation  everywhere — 
everywhere,  too,  are  great  deposits  of  clay  and  boulders,  mounds  and 
ridges  of  sand  and  gravel,  and  huge  erratics.  And  all  over  this 
wide  area,  down  to  the  borders  of  the  United  States,  the  extinct 
mammalia  never  appear  in  any  postglacial  deposits.  In  the  neigh- 
bourhood of  the  great  lakes  they  occur  in  freshwater  clays,  along 
with  abundant  vegetable  remains,  and  these  clays  are  overlaid  by 
glacial  beds.  It  is  only  when  the  southern  limits  of  the  ''  Northern 
Drift "  are  approached,  that  the  extinct  mammalia  begin  to  be  found 

^  Joomal  of  a  Boat  Voyage  through  Rupert's  Land,  vol.  ii.,  p.  210. 

*  Ifiddendorf  told  Sir  C.  LyeU  that  he  had  observed  erratic  blocks  in  strata  of 
day  and  sand  at  about  fifteen  feet  above  the  sea  in  lat.  76°  16'  l^.^Tiettx  \2cAfc(ct 
Taunjr.    (Prind^Jas^  vol  L,  p,  186,  tenth  edit.)    But  these  enatka  ^e;t^  ^^jt»^ 
euned  down  by  nter'ice. 
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:.    *,v\  )i\uulM>rs  at  the  very  surface;  and  their  remains  oocor  in 
^,vx«/;>«c  imtfusion  in  the  regions  which  have  not  been  reached  by 

ttxU  Anomalous  distribution  of  the  extinct  mammalia  appears  in- 
s^\(4iv*iiblo  on  the  assumption  that  the  ossiferous  beds  are  all  of 
(H.N»(^laoitd  age ;  but  if  they  belong  for  the  most  part  to  interglacial 
laut^,  the  mode  of  their  occurrence  is  precisely  what  might  have 
^HH>ii  expected.  It  seems  indeed  impossible  to  resist  the  conclusion 
tlmt  at  the  time  the  mammalia  frequented  the  lower  latitudes  of 
Kun)pe  (where  their  remains  occur  so  abundantly  in  river-gravelB 
and  cave-deposits),  and  while  mammoths,  horses,  baffaloes,  and  oxen 
roiiniod  over  northern  Siberia — Scotland,  Irelsmd,  Denmark,  Scan- 
dinavia and  other  regions  of  Northern  Europe  also  supported  an 
abundant  mammalian  fauna,  and  that  the  mastodon  and  its  congeners 
likewise  occupied  what  are  now  the  wooded  regions  and  barrens  of 
North  America.  And  the  remains  of  these  creatures  seldom  or 
never  occur  in  the  regions  referred  to,  because  either  the  deposits 
which  once  contained  them  have  been  obliterated  by  the  action  of 
ioe,  or  are  covered  up  and  concealed  by  drift  accumulations. 

Hitherto  no  reference  has  been  made  in  these  papers  to  Mr.  Croll's 
theory  of  the  physical  cause  of  changes  of  climate  during  geological 
epochs.  That  theory  for  the  first  time  rendered  possible  the  recon- 
ciliation of  apparently  contradictory  facts.  Phenomena  which  had 
refused  to  be  explained  by  any  number  of  ingenious  hypotheses 
suddenly  seemed  to  yield  their  secret,  and  the  great  "  Age  of  Ice  " 
appeared  all  at  once  in  a  new  light.  The  results  of  recent  research 
in  this  and  other  countries  tend  more  and  more  to  show  that  the 
indirect  influence  of  excentricity  of  the  earth's  orbit  is  the  prime 
cause  of  cosmical  changes  of  climate.  It  was  in  1864  that  Mr. 
Croirs  first  paper  upon  this  subject  appeared.  At  that  time  very  little 
was  known  about  interglacial  periods.  Ramsay  had  already  shown 
that  as  regards  Britain  there  had  been  two  periods  of  great  extension 
of  glaciers  separated  by  an  intervening  age  of  submergence  and 
floating-ice.  Morlot  had  also  pointed  out  that  the  morainic  deposits 
of  Switzerland  gave  evidence  of  the  former  existence  of  two  ioe 
periods,  and  his  results  had  subsequently  been  remarkably  con- 
firmed by  Professor  Heer,  and  others.*  But  these  later  observa- 
tions were  certainly  not  generally  known  in  Britain  at  the  time 
when  the  theory  I  refer  to  was  published.  It  was,  however,  a 
familiar  fact  that  interglacial  beds  occurred  in  the  till  of  Scotland, 
and  from  the  appearance  of  these  deposits  my  brother  had  inferred 
that  the  great  ice-sheet  occasionally  melted  away  so  far  as  to  uncover 

*  I  learn  from  Mr.  A.  E.  Jomcbobm,  of  the  Geological  Sarrej  of  Sweden,  that  in 
that  coantry  there  arc  two  Tills,  both  of  which  he  considers  to  be  true  moraines  de 
fond.  He  says  that  "  the  line  of  demarcation  between  them  is  generally  yery  sharp, 
and  in  some  places  the  lower  till  has  evidently  been  partly  broken  up,  and  denuded 
before  the  upper  till  was  deposited."  '*  These  facts,"  he  continues,  *'  seem  to  point 
out  that  during  the  glacial  period  there  was  a  great  interval  of  comparatively  mild 
when  the  ice  retreated  to  the  mountain  regions ;  the  land,  however,  was  not 
Freshwater  and  superficial  deposit  ui&X  ^\^«c«i  ^^qsvq%  that  interval 
beea  completely  destroyed  by  tke  i^tuxmn^Vce" 
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some  portion  of  the  low  grounds  of  Scotland.  But  certainly  no 
English  geologist  had  up  to  the  appearance  of  Mr.  CroU's  first 
paper  in  the  Philosophical  Magazine  ventured  to  affirm  that  the 
climate  of  these  interglacial  periods  in  this  country  could  be  other 
than  cold  or  sub-arctic.  Indeed,  the  facts  then  known  did  not  warrant 
any  such  conclusion.  But  the  publication  of  this  ingenious  theory 
tended  to  revolutionize  all  our  previous  conceptions  od  the  subject; 
for,  if  there  was  any  truth  in  the  hypothesis  at  all,  then  the  records 
of  mild  and  even  genial  interglacial  periods  might  certainly  be 
expected  to  occur.  The  former  existence  of  such  periods  followed 
no  less  surely  from  theory  than  did  that  of  cold  and  arctic  conditions. 
Mr.  Croll  himself  had  referred  to  the  intermingling  of  arctic  and 
southern  mammalia  in  tbe  valley-gravels  as  in  favour  of  his  hy- 
pothesis, an  explanation  of  the  facts  which,  Sir  J.  Lubbock  remarks,  at 
once  gets  rid  of  what  has  always  hitherto  been  considered  a  diffi- 
culty. By  many  English  geologists,  however,  the  valley-gravels 
with  extinct  mammalia  were,  and  still  are,  believed  to  be  of  postglacial 
age.  Others  again,  as  Mr.  Godwin- Austen,  are  of  opinion  that  these 
gravels  in  the  south  of  England  are  the  equivalents  of  the  glacial 
deposits  in  the  north.  But  as  far  as  I  am  aware,  no  geologist  has 
yet  attempted  to  correlate  the  river-gravels  with  undoubted  interglacial 
deposits.  I  was  in  hope  that  ere  long  some  one  well  acquainted 
with  all  that  pertains  to  the  superficial  deposits  of  England  would  ad- 
dress himself  to  this  task ;  for  it  seems  to  me  that  a  far  deeper  signifi- 
cance attaches  to  the  interglacial  deposits  of  Scotland,  Switzerland, 
and  America  than  has  yet  been  recognized,  otherwise  their  bearing 
on  the  phenomena  of  the  English  drifts  could  hardly  fail  to  have 
attracted  more  attention.  That  many  of  the  views  entertained  in 
these  papers  have  already  occurred  to  fellow- workers  in  other  fields 
is  extremely  likely;  some  of  the  conclusions  indeed  appear  too 
obvious  to  have  escaped  attention.  Others  again  are  novel  and 
opposed  to  prevailing  ideas,  and  these  I  should  like  to  have  dis- 
cussed at  greater  length,  but  I  have  already  covered  too  many 
pages  of  the  Maoazinb.  I  hope,  however,  to  enter  more  fully  into 
the  whole  subject  of  glacial  and  interglacial  climates  in  another 
place.  It  would  extend  this  paper  (already  long  enough)  beyond 
due  limits  were  I  to  attempt  any  summary  of  the  conclusions  arrived 
at  in  this  and  preceding  papers:  the  accompanying  table  (pp. 
262,  263),  however,  will  show  the  arrangement  of  the  Quaternary 
deposits  which  has  been  suggested. 


VII. — Middle  Gravels  (?),  Ireland. 
By  G.  H.  Sjnahan,  M.R.I.A.,  etc. 

IN  a  paper  on  a  comparison  of  the  drift  of  Ireland  with  that  of 
Lancashire,  the  author  Prof.  Hull  states,  that  he  recognized  the 
equivalents  of  the  English  beds  in  the  drift  cliffs  at  Eilliney,  Go. 
Dublin,^  and  in  the  Geol.  Mao.  for  March,  1872,  Mr.  J.  Geilde  hAA 
quoted  Prof.  Mull :  I  therefore  request  leave  to  sa^  a  ^^^  ^q>'c^^ 
aboat  tbe  gravela  of  Ireland,   more    espeovs^y   «a   Hix-   Qi«toft 

'  Omol.  Mao.,  Vol.  Yni.,  p.  29\, 
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seemB  to  have  mistaken  my  notes  on  the  Irish  drift,  making  it  appear 
that  I  believe  the  "  Esker  Gravels  "  oontain  similar  marine  foseols  to 
those  characterizing  the  "Manure  Gravel"  of  the  Go»  Wexford. 
Such  a  statement,  however,  would  not  bear  investigation.  Only  in 
three  places  have  undoubted  fossils  been  found  in  the  "Esker 
gravel."  First,  shells  are  recorded  from  gravel  near  Bosorea  by 
Prof.  Oldham ;  these,  however,  must  be  very  rare,  as,  although  care- 
fully looked  for,  they  have  not  sinoe  been  remarked.  Second,  shells 
are  stated  to  have  been  found  by  Mr.  Mallet  in  "  Esker  gravel.  " 
Where  this  statement  is  recorded  I  am  not  sure,  therefore  I  can  give 
no  particulars.  T%tr(2, 1  found  a  bit  of  <me  shell,  a  bivalve,  in  the 
"  Esker  gravel,"  at  Maryboro',  Queen  Co. 

From  such  evidence  no  comparison  can  be  drawn.  Furthermore, 
as  pointed  out  by  Prof.  Harkness,  chalk-flints  are  characteristic  of 
the  "Manure  gravel,"  while  none  are  recorded  from  the  Esker 
gravel ;  not  that  I  would  assert  that  a  gravel  without  flints  in  one 
place  may  not  be  the  representation  of  a  gravel  with  flints  in 
another,  as  stated  by  me  at  the  Edinburgh  Meeting  of  the  British 
Association  (1871).  In  the  east  parts  of  the  Cos.  Wicklow  and 
Wexford  there  are  gravels  with  flints ;  while  to  the  westward,  in  the 
valley  of  the  Barrow,  the  "Esker  gravel"  seems  to  be  without  them, 
therefore  Mr<  G^ikie's  suggestion,  that  the  Manure  gravels  and 
the  Esker  gravel  contain  "a  similar  assemblage  of  marine  shells,"  must 
be  received  with  a  great  deal  of  caution,  as  eventually  it  may  be 
proved  to  be  erroneous. 

I  believe  the  relations  between  these  different  gravels  are  very 
obscure,  and  as  yet  quite  unknown.  The  Esker  gravels  of  the  central 
plain  (or  upper  esker  gravels)  are  between  heights  of  200  and  360 
feet.  The  Esker  gravels  of  the  valley  of  Lough  Corrib  (or  lower 
esker  gravels)  are  at  a  less  height,  and  appear  to  be  of  the  same 
age  as  the  raised  sea-beaches  in  Cos.  Cork  and  Kerry,  the  lower 
raised  beach  in  Co.  Limerick,  and  the  lower  gravel  terraces  in  Cos. 
Clare,  G^way,  and  Mayo.  In  all  the  western  portion  of  Ireland 
there  is  a  limit  to  the  variation  in  the  heights  of  these  gravels,  but 
the  Shell  or  Manure  gravels  seem  to  have  uncertain  limits.  On  the 
east  coast,  from  the  sea-level  upwards,  to  a  height  of  at  least  1,200 
feet,  these  gravels  have  been  proved  by  the  Bev.  M.  H.  Close,  and 
they  have  been  traced  by  different  observers  northward  and  north- 
westward to  Blacksod  Bay;  while  Harkness  has  followed  them 
southward  and  south-westward  to  Bearing- water  Bay ;  their  greatest 
development  and  maximum  height  apparently  being  to  the  east.  At 
Blacksod  Bay  they  were  found  at  a  height  of  250  feet ;  at  Bearing- 
water  Bay  they  are  close  to  the  present  sea-level,  and  at  a  similar  height, 
&rther  north,  in  the  Cos.  Clare  and  Gtdway,  accumulations  of  gravel 
occur,  sometimes  containing  shells,  but  in  them  chsJk-flints  were  not 
observed.  What  to  me,  however,  appears  most  inexplicable  is, 
that  at  about  a  similar  height  (1,200  ft)  to  where  Mr.  Close  found  the 
fiocsiliferous  gravel  in  the  east,  there  are  in  the  west,  numerous  terraces 
nd  oooma,  believed  by  me  to  mark  au  anoiveint  sea-margin,^  yet  the 
Vbe  Ret.  M,  H.  Clime  has  different  vieire  m^  le^SucdL  V>  ^«  oni^so^  ^1  ^d&sa^ 
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giavela  do  not  ocoar  associated  with  them,  and  no  ixaoe  of  the  high 
level  sheU-gravel  has  hitherto  been  disooyered. 

When  I  wrote  on  the  Eskers  of  the  central  plain  of  Ireland  in  the 
paper  ^  referred  to  bj  Mr.  G^eikie,  my  conclusions  were  nearly 
altogether  drawn  from  the  phenomena  presented  by  the  Eskers,  and 
ficom  them  I  concluded  that  the  margin  of  the  Esker-sea  in  wei^m 
Ireland  must  have  been  about  250  or  350  feet  higher  than  at 
present  Since  then  I  have  had  opportunities  of  examining  th^ 
valleys  in  the  hill  counties  of  Cork,  Kerry,  Limerick,  Glare,  Gkdway, 
and  Mayo,  and  am  not  surprised  to  find  that,  in  these  different 
oounties,  there  are  traces  of  a  well-marked  ancient  searmargin, 
about  300  or  350  feet  above  the  Ordnance  datum  line,  proving 
that  what  I  suggested,  from  the  facts  given  by  the  eskers,  is  borne 
out  by  quite  independent  data.  Some  of  the  facts  relating  to  the 
upper  and  lower  gravel  terraces  have  already  been  published  in  the 
Memoirs  of  the  Irish  Branch  of  the  Greological  Survey,  while  those 
of  Yaroonnaught  and  South  Mayo  will,  I  hope,  shortly  be  described 
by  my  fellow-workers. 

Now  to  return  to  the  supposed  '*  middle  gravels"  of  the  east  coast. 
If  the  section  between  EilUney  Hill  and  die  drift  cliff  immediately 
south  of  the  mouth  of  the  Shanganagh  Biver  is  examined,  it  will 
in  part  be  like  Prof.  Hull's  sketch  section;  that  gentleman's 
section,  however,  toward  the  south  is  incorrect,  as  his  "middle 
gravels "  do  not  occur  in  a  basin,  but  continue  to  the  Bray  Biver, 
lying  on  a  denuded  surface  of  the  Boulder-clay  drift,  the  latter  in 
places  disappearing  below  the  present  sea-level,  these  depressions 
being  due  to  faults  in  the  drift,  a  well-marked  step  faidt  being 
exposed  at  the  south  end  of  the  section,  at  the  site  of  the  Bray  river 
Martello  tower.  In  this  section  the  accumulation  over  the  Boulder- 
clay  drift  shows  that  the  ''Shell  gravels"  may  graduate  into  clayey 
gravels  (in  places  somewhat  like  a  Boulder-day  drift),  or  even  into 
a  brick  day,  while  in  places  beds  of  gravels  occur  in  ^e  underlying 
Boulder-day ;  these  beds,  however,  not  being  separate  members  of 
the  group^  but  rather  integrants  of  the  whole.  Prof.  Harkness 
agrees  with  me  that  there  is  no  deposit  between  Eilliney  Hill  and 
Bray  Biver  that  could  possibly  be  called  an  Upper  Boulder-clay  drift 
This  observer  believes  in  an  Upper  Boulder-clay  drift,  but  in  other 
localities.  Of  the  Upper  Boulder-clay  drift  he  states  that  it  is 
seen  in  the  railway  cutting  between  Brayhead  and  Qreystones,  but 
is  in  perfection  at  Castle  Ellis,  Co.  Wexford;  the  latter  locality, 
quoting  from  his  letter,  **  affords  the  due  to  all  the  shdly  sands  and 
gravels  of  Ireland."  To  me  it  appears  that  here  or  elsewhere  a 
Boulder-clay  drift  bed  may  Ue  on  ''  shelly  sands  and  gravels,"  and 
vet  not  prove  that  there  are  three  divisions  iu  the  drift,  for  if  a 
large  glacier  ends  iu  the  sea  (such  as  the  Humboldt  glacier  in  Smith's 
sound),  the  place  must  be  marked  by  variations  in  the  deposits,  a 
shelly  sand  and  gravel  forming  during  a  warm  year,  or  series  of 
years,  while  atbsequendy  if  a  cold  year  or  years  follow  there  would 
be  a  Boulder-clay  accumulation,  thus  in  aucoessw^  ^qax^  i^rcc^vsi^ 

i  "JTates  on  Bome  of  the  Drift  in  Ireland,"  by  G.  H.  "KiaaiiJUi,  I^^iWiMi.  QjsfflaX* 
/aaiJL  of  Scieace,  vol  tL,  p.  249. 
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attematioiis  of  the  different  dziftB,  but  only  inoeitain  spots,  and  not 
orer  laz^  tzacts.  Sadi  allemations  sie  well  exonplified  in  die 
driftdifi'boinidingtheplMnof  Limeiickon  the  west;  die  soooeeding 
hoc  and  oold  jeu%  bdng  registered  by  grsTeb  and  Boulder-days, 
(not  neoessarily  separate  members  but  rather  parts  of  a  whole)  all 
merging  one  into  the  odier ;  yet  I  belieTe  an  ardent  theorist  coald 
oonTenioidy  prore  that  i^i^A^^I  of  there  being  one  Boulder-clay 
period  in  that  district,  there  were  six  or  eight,  with  about  an  equal 
number  of  periods  of  ^  middle  graveL** 

In  conclusion.  I  wish  to  point  out,  as  it  seems  not  to  be  generally 
known,  that  the  "Esker  grsTels"  of  the  central  plain  of  Ireland 
He  (m  the  BoMer-day-drifi,  in  which  the  principal  blocks  and 
fragments  are  more  or  less  rounded,  and  usually  of  limestone,  while 
in  the  vicinity  of  the  hills  and  mountain  groups  the  eskers  {AmgUel 
ridges)  continue  on  to  the  BowULer-drifL  The  latter  drift  is  always 
more  or  less  local  in  diaracter,  contains  more  or  lees  angular  and 
subangular  blocks  and  fragments,  always  overlies  the  Boulder-day 
drift,  and  in  places  merges  into  the  moraine  drift  found  in  the  mountain 
▼alleys. 

VILL — Oh  a  Woskkd  Fldtt  tbom  ths  Brick-kabth  of  Cbattord, 


Bj  the  Ber.  O.  Fumot,  F.G.8. 

DXJBING  a  visit  to  Crayford  in  April,  under  the  guidance  of  my 
friend  Mr.  Dawkins,  I  obtained  a  worked  flint  from  Slades 
Green  Pit  The  discovery  seems  worth  recording,  on  account  of  the 
presumed  early  age  of  the  deposit  in  which  it  occurred.  Mr.  Evans 
has  kindly  looked  at  the  specimen,  and  considers  it  deddedly  to  have 
been  worked,  so  that  there  is  no  room  for  doubt  upon  that  head. 
I  picked  the  implement  out  of  a  band  of  rounded  flint  gravel,  lying 
beneath  the  sandy  stratum  which  contains  abundance  of  shells,  and 
among  them  the  Corhieula  (or  CSfrena)  JUaninalis  and  Unib  UtoraUsy 
together  with  many  mammalian  remains.  The  section  was  roughly 
as  follows : 

North  Eaat  mtd  of  Siadn  QtUH  Fit.  ft.  in. 

TnH  of  Clay  (aboat)        6  0 

Sandy  brick-earth  with  freriiwater  ihdla           5  0 

Pebbly  band  with  uwrkodJIitU 0  6 

Grayelly  bhck-earth        6  0 

It  appears  probable  that  the  layer  of  gravel  in  which  the  worked 
flint  occurred  is  on  the  horizon  of  No.  2  in  Mr.  Dawkins'  section, 
fig.  3.  (see  Quart  Joum.  Qeol.  Soa,  Lond.  1867,  voL  xxiii.,  p.  96.) 

As  far  as  I  know,  this  is  the  first  instance  of  obtaining  evidence  of 
the  existence  of  man  in  this  country  in  association  with  Corhieula 
(or  Oyrena)  fluminalis.  Mr.  Prestwidi,  however,  records  having 
found  that  shell  in  the  implement-bearing  gravel  of  Menchecourt.^ 
And  I  think  this  is  the  first  time  of  finding  anywhere  a  chipped  flint 
in  association  with  TJnio  litordUs, 

BhinoceroB  megarhinus  found  here,  though  not  commonly  met  with 
ID  imp/ament-bearing'  gravels,  IB  moiu^oii^  BAO^ysoxrvcL^al  Bedford. 

i  FhiL  Tnuu.,  part.  iL,  1864,  p.  IVl.  ^  IViA,^.'»\. 
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The  absence  of  Beindeer  at  Crayford  is  an  unusnal  oiroumstanoe 
in  connexion  with  the  presenoe  of  worked  flints.* 

I  noticed  that  the  Brick-earth  in  Slades  Green  Pit  is  deposited 
against  an  old  talos  of  chalk,  which  had  previously  fallen  from  a  cliff 
which  formed  the  side  of  the  river- valley  at  that  place.  This  talus 
may  be  seen  by  going  through  the  tunnel  on  the  south  side  of  the 
pit,  and  examining  the  chalk-pit  into  which  it  opens.  The  chalk 
next  the  tunnel  consists  of  fallen  rubble,  and,  although  the  junction 
is  not  exposed,  it  is  clear  that  the  brick-earth  must  abut  upon  it  I 
should  argue  from  this,  that  the  river  or  estuary- waters  remained  for 
some  while  at  a  considerably  lower  level  than  tiiat  which  they  after- 
wards attained,  when  the  flood-waters  deposited  the  brick-earth. 
Such  a  rise  of  the  water-level  seems  to  require  subsidence  to  account 
for  it,  and  that  the  subsidence  brought  the  Thames  valley  a  few 
miles  lower  down,  under  strong  tidal  action,  appears  to  be  shown  by 
the  cross-bedded  sands  of  Gray*8  Thurrock.  Whatever  it  may  have 
been  at  some  periods  of  its  history,  the  Thames  could  scarcely  have 
been  at  that  time  a  tributary  of  the  Rhine,  but  must  have  possessed 
an  estuary  of  its  own  as  at  present,  and  probably  the  tide  came  even 
higher  up  then  than  it  does  now. 

Subsidence,  at  a  period  which  was  in  all  probability  nearly  the 
same,  is  evidenced  by  the  estuarine  beds  which  overlie  the  maminalian 
deposit  at  Clacton,  in  Essex.' 

Mr.  Dawkins  has  furnished  me  with  the  following  list  of  Mammalia 
which  have  been  obtained  from  the  Brick-earth  at  Crayford  : 

Eltphas  antiquus. 


Rhinoceros  megarhinus. 

hamitoRchus, 

tichorhinus. 

Ovihos  moschatus. 
Bo8  urus. 

bison, 

Cervua  ektphus. 


prxmigentua, 

£guut  eaballus. 
Felis  leo  (var.  apelisa), 
Canis  lupus, 

vtilpes, 

Arvioola, 


IX. — Ice  Scbatchks  in  Debbyshire. 
By  the  Rev.  T.  G.  Bonnby,  M.A.,  F.G.S. 

AT  page  440,  Vol.  II.,  of  the  Geol.  Mao.,  is  a  very  careful  and 
accurate  description,  by  Mr.  A.  H.  Green,  of  certain  markings 
on  an  exposed  rock  near  Matlock,  locally  named  the  Bloody  Stone. 
These  markings  he  refers,  though  not  without  some  hesitation,  to 
the  action  of  ice.  I  have  lately  visited  Matlock,  and  twice  examined 
this  spot.  On  the  first  occasion  the  surface  was  wet  from  recent 
rain,  on  the  second  it  was  dry. 

It  was  at  once  obvious  that,  as  Mr.  Green  has  stated,  "  these  mark- 
ings must  be  one  of  two  things,  either  ice  scratches  or  slickensides." 
At  the  first  glance  the  former  seemed  the  most  probable,  but  a  closer 
examination  caused  me  to  incline  ultimately  very  strongly  to  the 
latter,  and  for  the  following  reasons  : — 

The  chert  appeared  in  several  places  to  occur  rather  as  a  supcr- 

^  Dawkins,  Geol.  Journ.,  vol.  zxiii.,  p.  101. 

*  See  Mr.  J.  Brown's  section  in  the  writer!8  notes  on  Clac^^xi. — Qt^wsi., '\JLKSi« 
Vol.  v.,  p.  213. 
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ficial  film,  than  as  an  intimate  part  of  the  rock,  reminding  one  of  the 
way  in  which  slickenside  galena  is  occasionally  found.  A  olose  ex* 
amination  of  the  strisB  showed — after  discarding  some  which  may 
safely  be  ascribed  to  the  hobnaUs  of  '  historic '  men — that  they  wen 
rather  flutings  in,  than  scratches  ouy  a  polished  surface ;  that  ia,  tint 
the  small  grooves  themselves  were  polished :  one  of  the  best  dis- 
tinctions that  I  know  between  slickensides  and  ioe-strise  in  hand 
specimens.  Again,  it  was  very  hard  to  understand  how  two  such 
perfect  surfaces  could  coexist  if  they  had  been  produced  by  beig  or 
glacier.  Both  occurred  on  exposed  spots  in  juxtaposition,  well  de- 
veloped, one  might  say  brightly  polished.  They  coidd  not  have  been 
simultaneously  produced.  How  then  did  the  former  set  etMMpe 
obliteration,  or  at  least  great  injury,  during  the  production  of  the 
latter  ?  We  cannot  explain  this  by  the  well-known  fact  that  stoDfii 
in  boulder  deposits  often  have  more  than  one  set  of  markings ;  for 
these  are  mere  scratches,  unaccompanied  by  a  oorresponding  polish- 
ing of  such  a  hard  surface  as  chert.  But  two  or  three  different  planes 
of  slickensides  do  coexist  in  the  same  mass  of  rock.  On  oloeely 
examining  the  polished  surfaces  on  the  Bloody  Stone,  I  observed 
that  occasionally  they  appeared  to  dip  into  the  rock,  suggesting  that 
if  we  broke  it  (which  I  did  not  think  it  right  to  do)  we  should  find 
them  pervading  the  mass.  Again,  I  found  in  the  middle  of  a  surfisoe, 
striated  in  one  direction,  an  irregular  pit  or  depression,  produced 
apparently  by  a  part  of  the  rock  having  flaked  off,  in  which  the 
strias  ran  in  the  other  direction.  (Mr.  Green,  by  careful  measure- 
ment, made  out  three  directions  of  striation,  two  of  them,  however, 
are  sufficiently  near  togetlier  to  produce  the  general  impression  of 
two  directions  only,  one  roughly  down,  the  other  athwart  the  valley.) 
Now  the  polished  surface  could  in  these  cases  be  sometimes  traced 
quite  close  to  the  inclosing  wall  of  the  depression,  which  was 
occasionally  nearly  half  an  inch  high.  I  also  found  the  polishing 
more  than  once  quite  close  to  the  foot  of  small,  rough,  projecting 
knobs  of  chert  Indeed  I  may  venture  to  say  that  I  found  the 
polished  striations  in  four  or  five  places  at  least  where  a  large  mass 
of  ice  could  not  have  produced  them.  In  short,  there  was  something 
in  the  general  appearance  and  mode  of  occurrence  of  the  markings 
which,  though  it  can  hardly  be  explained  in  words,  was  to  my  eye 
not  consistent  with  their  being  ice-marks,  and  with  these  I  happen 
to  be  very  familiar. 

About  30  feet  lower  down  on  the  hill-side  tlie  adit  of  a  mine  has 
been  begun.  I  examined  this,  and  found  within  the  entrance,  and 
so,  undoubtedly,  in  the  mass  of  the  rock,  a  set  of  slickensides  on 
chert,  running  roughly  north  and  south,  and  in  a  plane  inclined  at  a 
small  angle  with  the  vertical,  and  so  not  far  from  at  right  angles 
with  the  surfaces  in  which  the  others  occur. 

I  am,  therefore,  driven  to  the  conclusion  that  these  curious  mark- 
ings are  not  ice-strisB,  but  slickensides ;  though,  so  far  as  my  ex- 
perience goes,  a  very  unusual  instance  of  this  structure,  and  suppose 
that  it  must  have  been  exposed  in  making  or  enlarging  the  road, 
which  runs  exactly  over  the  boss  of  rock. 
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X. — SUPFLJEMBNTABT  NoTB   ON   PBANBROPLBUBOy  (HuXLBT),   AUD 

TjRONBMUa  (AOASS.). 
By  Prof.  R.  H.  Taaqvais,  M.D. 

^INCE  the  publication  of  my  paper,  entitled  "  Notes  on  the  Qenus 
J  PhaneropleuroUf  with  a  Description  of  a  New  Species  from  the 
larboniferous  Formation/'  in  the  Geolooioal  Magazius  for  Deeem- 
er,  1871,  pp.  529-535,  Sir  Philip  Egerton  has  kindly  sent  me  for 
3mpari8on  a  specimen  in  his  collection  of  the  Burdiehouse  fish, 
amed  by  Agassiz  Uronemus  lobatus,  at  the  same  time  directing  my 
ktention  to  the  resemblance  which  it  bore  to  the  fish  which  in  the 
aper  referred  to  I  had  described  and  figured  as  Phaneropleuron 
legans.  I  am  also  indebted  to  the  Earl  of  Enniskillen  for  an  oppor- 
unity  of  examining  another  specimen  of  the  same  fish. 

From  these  specimens  it  is  evident  that  my  Phaneropleuron  elegans 
!  identical  with  Uronemw  hbatua  of  Agassiz.  Uronemus  lobatus  was 
atalogued  by  Agassiz  ^  as  one  of  his  family  of  Coelacanths,  but  was 
ot  figured,  and  can  hardly  be  said  to  have  been  described  by  him, 
B  he  gave  no  detail  concerning  it.  I  may  therefore  quote  his  entire 
escription  in  fuU.  "  Le  genre  Uronemus  se  distingue  par  sa  longue 
orsale,  qui  commence  presque  k  la  nuque,  et  se  continue  sans  inter- 
nption  jusqu'  k  la  caudale ;'  I'anale  n'est  pas  non  plus  s6par^e  de  la 
aadale.  Ce  genre  ne  renferme  que  de  petits  poissons  de  I'^poque 
ouill^re.  J*en  connais  assez  bien  un  esp^  du  calcaire  de  Burdie- 
onse  h  laquelle  j'ai  donne  le  nom  de  Uronemus  lobatus,** ' 

In  his  well-known  Essay  on  the  Classification  of  the  Devonian 
jshes,  Professor  Huxley  remarks  that  he  had  not  seen  Uronemus, 
nd  leaves  it  an  open  question  whether  or  not  it  belongs  to  the 
Eimily  of  Coelacanthtni  as  limited  and  defined  by  him,  seeing  that 
lO  details  oonceming  it  were  given  by  Agassiz.'  It  is  now,  however, 
vident,  from  the  specimens  which  I  have  described,  that  Uronemus  is 
lot  a  Coelacanth,  in  the  present  acceptation  of  the  term,  but  is  a 
lember  of  the  family  Pbaneropleurini,  closely  allied  to  it,  if  not 
;enerically  identical  with  the  Phaneropleuron  of  Dura  Den.  Though, 
nth  the  material  at  my  disposal,  I  considered  myself  justified  in 
[escribing  the  fish  in  question  as  a  second  species  of  Phaneropleuron^ 
'et  I  must  own  that  the  Burdieho.use  specimens  are  sufficiently  im- 
perfect as  to  dotaU  of  head,  and  as  to  evidence  of  a  separate  anal  fin, 
8  to  render  it  very  possible  that  better  examples  may  subsequently 
lemonstrate  decided  generic  distinctions  between  them  and  the  Dura 
)en  fish.  If,  indeed,  Agassiz  be  right  in  stating  that  the  anal  fin  is 
ontinuous  with  the  caudal,  the  distinction  is  sufficiently  evident, 
»ut  on  this  point  I  have  never  felt  sufficiently  satisfied. 

In  these  circumstances  I  must  consider  it  better  that  the  Dura  Den 
nd  Burdiehouse  fishes  should  remain  in  the  mean  time  under  the 
lames  originally  bestowed  on  them,  and  am  therefore  ready  to 
withdraw  the  name  of  Phaneropleuron  elegans,  which  I  had  given 
0  the  latter. 

^  Poissons  Fossiles,  toI.  ii.,  pt.  ii.,  p.  1 80. 

»  Op.  cit.,p.  178. 

*  Decades  UeoL  Siuryej  X,  p.  20. 
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Lord  Enniskilleii's  speoimen  of  Uronemus  hhatus  is  four  incheB 
and  a  half  long ;  the  extremity  of  the  tail  is  however  deficient 
At  the  very  front  of  the  snout,  the  impression  of  a  small  portion  of 
bone  is  seen,  whose  edge  must  have  been  set  with  a  row  of  small 
pointed  teeth,  these  also  being  only  seen  in  impression.  About 
three-quarters  of  an  inch  back  from  the  end  of  the  snout,  and  in  the 
middle  of  the  confused  and  imreadable  mass  of  bony  matter  represent- 
ing the  head,  are  distinctly  seen  several  conical  smooth  tooth-like 
bodies  one-fourteenth  of  an  inch  in  length.  They  are  apparently  in 
an  upper  and  lower  opposing  set ;  the  upper  are  evidently  palatal 
the  lower  may  appertain  to  the  lower  jaw.  Possibly  they  may  be 
dentioulations  of  Ctenodont  plates,  but  from  the  state  of  preservation 
of  the  head,  it  is  hardly  possible  to  say  so  with  certainty.  The 
specimen  is  rather  injured  on  the  haemal  aspect  of  the  caudal 
region,  so  that  no  additional  information  regarding  the  anal  fin  is 
gained  from  it,  nor  from  the  other  specimen  in  the  cabinet  of  Sir 
Philip  Egerton.  The  latter  measures  three  inches  and  a  half  in 
length.  The  head  and  the  anterior  part  of  the  trunk  are  wanting, 
but  the  tail  is  shown  to  nearly  its  termination ;  the  greater  part  of 
the  dorso-caudal  fin  is  present,  but  the  lower  lobe  of  the  caudal  is 
rather  deficiently  exhibited.  This  specimen  shows,  however,  a  well- 
marked,  narrow,  lanceolate,  ventral  fin  one  inch  long,  and  three- 
sixteentiis  of  an  inch  broad  at  its  middle.  Many  of  its  •fine  rays  are 
visible,  but  the  state  of  preservation  of  the  fin  is  unfortunately  not 
sufficiently  good  to  enable  one  to  recognize  its  exact  structure, 
though  its  general  aspect  is  certainly  that  of  an  acutely  lobate 
member. 


ISrOTICES      OIF      3^E3^0II^S. 


I. — DiSOOVKRY   OF   A   HUMAN    SKELETON   IN    A   CaVERN    IN   ItaLT. 

THE  announcement  has  been  made,  in  "  La  Courrier  de  Menton," 
of  the  7th  of  April,  of  the  discovery  of  a  human  skeleton,  in 
one  of  the  caves  of  the  frontiers  of  Italy,  by  Monsieur  E.  Riviere, 
who  is  entrusted  by  the  French  Government  with  a  scientific  mission 
— having  for  its  object  the  study  of  the  natural  and  prehistoric  history 
and  pala}ontology  of  Liguria. 

Subsequently  to  the  discovery,  in  the  neighbouring  quarries,  of  an 
immense  quantity  of  bones,  teeth,  and  fossil  horns,  of  gigantic  stags, 
rhinoceros,  hyaenas,  bears,  and  other  quadrupeds,  sent  by  him  to  the 
national  museum,  M.  Riviere  has  devoted  liimself,  latterly,  to  the 
opening  of  caverns.  The  skeleton  which  he  has  just  discovered  was 
found  in  the  large  cavern  of  Baousse-rousse,  buried  beneath  a 
layer  of  earth  several  yards  thick.  Tliis  cavern  is  called,  in  the 
dialect  spoken  at  Grimaldi,  the  *'  Barma  du  Cavillon  "  ;  that  is  to  say, 
the  cavern  of  the  little  cheville  (barma  signifying  cavern,  and 
cavillauj  the  diminutive  of  cavilla,  bolt),  a  name  given  to  it  from 
time  immemorial,  because  there  has  always  been  a  piece  of  wood 
placed  transversely  over  the  front     This  was  destroyed  when  the 
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railway  was  made  from  Mentone  to  Yintimille.  In  front  of  the 
cavern,  and  at  a  distance  of  five  or  six  yards  from  the  place  where 
the  recently-discovered  skeleton  was  met  with,  there  was,  sixty  yean 
ago,  an  immense  carob-tree,  which  almost  entirely  blocked  up  the 
mouth  of  the  cavern,  and  gave  it  a  sombre  and  dismal  appearance. 

The  state  of  preservation  of  the  skeleton  is  very  remarkable  and 
astonishing,  seeing  that  its  age,  which  it  is  impossible  to  estimate 
with  exactitude,  must  extend  backwards  into  pre-historic  times. 
This  extraordinary  state  of  preservation  may  possibly  be  explained 
by  an  analysis  of  the  earth  in  which  it  was  found,  and  the  unin- 
terrupted dryness  of  the  sheltered  spot  in  which  it  was  placed. 

The  careful  way  in  which  the  surrounding  ground  has  been 
cleared  away,  has  had  the  effect  of  preserving  the  position  which  the 
skeleton  has  retained  ever  since  it  has  occupied  the  spot  where  it 
was  found.  With  the  exception  of  the  fragile  ribs,  which  have  been 
broken  by  the  pressure  of  the  overlying  soil,  the  subject  is  entire. 
The  legs  crossed  in  a  natural  position,  and  the  two  arms  folded  near 
the  head,  seem  to  lead  to  the  conclusion  that  the  man  to  whom  they 
belonged  died  in  his  sleep,  and  that  he  had  been  carefully  covered 
with  earth,  without  disturbing  the  ground  beneath.  The  thigh-bones 
measure  16  inches  in  length  from  one  extremity  to  the  other,  and  the 
rest  is  in  proportion— or  in  other  words,  the  skeleton  is  that  of  a 
man  of  ordinary  stature.  The  teeth  and  the  lower  jaw  are  in  a  very 
good  state  of  preservation.  The  cranium,  of  average  size,  is  of  a 
dark  brick-red  colour,  and  the  part  resting  on  the  ground  is  broken 
by  pressure.  Its  colour,  different  from  that  of  the  other  bones,  does 
not  seem  capable  of  positive  explanation.  There  is  an  immense 
number  of  small  shells  adhering  to  the  cranium,  leading  one  to 
suppose  tliat  these  shells,  all  drilled  with  a  hole,  have  been  used  for 
ornament,  either  twined  in  the  hair  or  as  part  of  a  head-dress. 

Bound  the  skeleton  were  found  several  flint  implements,  such  as 
scrapers,  chisels,  and  axes,  together  with  bone  needles,  the  curious 
fashioning  of  which  seems  to  have  been  effected  by  rubbing  or 
grinding  down  on  some  hard  substance.  There  were  also  found  the 
bones  of  animals,  and,  amongst  others,  the  lower  jaws  of  herbivora. 
Behind  the  head  a  stone  was  met  with,  another  behind  the  loms,  and 
between  the  former  and  the  head  two  stone  implements  of  tlie  largest 
size  found  in  these  caverns. 

All  the  curious  objects  which  have  been  discovered  by  Dr. 
Biviere,  have  been  photographed  by  an  able  operator,  M.  Anfossi. 

H.  W.  Bristow. 


n. — PALf.ONTOLOGIE    FRAJJgAISK,  OU  DESCRIPTION    DES    FoSSILES    DE 

LA  France,  ooNTiNufiB  par  une  reunion  de  Paleontologistes, 
SOUS  la  direction  d'un  Comit^.  Special.  2™®  erie — Veg£taux. 
Plantes  Jurassiques.     Par  M.  Le  Comte  de  Saporta. 

THIS  work  of  mine,  of  which  I  would  give  a  sketch  to  the  readers 
of  the  Geological  Magazine,  treats  of  the  group  of  fossil 
plants  of  the  French  Jurassic  period.  I  should  not  have  undertaken 
it  bad  I  not  received  the  friendly  co-oi^eroXkin.  oit  «^  laxge  number 
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of  geolo^ts,  wbo  have  liberally  giyen  me  aooess  to  their  oollections, 
as  well  as  the  patronage  and  advice  of  M.  Ad.  Brongniart 

By  a  ooinoidence  which  it  is  natural  to  mention  here,  the  Hisioire 
de$  Vi^taux  Fosmles — ^the  eminent  but  incomplete  work  of  the 
iUustrions  French  savant — stops  just  towards  the  end  of  the  Crypto- 
gams, and  thus  excludes  the  greater  number  of  the  Jurassic  species, 
some  because  they  belong  to  the  class  of  Gymnosperms,  others 
because  they  were  not  known  at  the  time  when  M.  Brongniart  pub- 
lished his  Hisioire,  This  work  is  thus  taken  up  almost  at  the  point 
where  liL  Brongniart's  has  left  offl  The  need  of  the  publication  is 
obvious  from  this  statement ;  the  subject  is  in  itself  interesting.  The 
Jurassic  period,  from  a  biological  point  of  view,  constitutes  a  kind 
of  middle  age,  equally  distant  from  the  Palsdozoic  and  Neozoic 
periods.  It  serves,  so  to  speak,  as  a  hyphen  between  epochs  which, 
without  it,  would  present  a  complete  contrast;  but  this  hyphen 
itself  corresponds  to  a  very  long  period. 

The  configuration  of  the  European  land  modified  several  times, 
the  deposits  varying  in  their  nature  and  aspect,  new  series  of  marine 
animals  substituting  themselves  for  former  ones,  and  eliminated  in 
their  turn  by  others, — all  these  phenomena,  by  their  intensity  and 
repetition,  bear  vritness  to  the  immensity  of  the  period.  Neverthe- 
less, it  is  to  be  observed,  that  the  vegetation  appears  to  have  changed 
less  than  anything  else.  Not  only  has  it  preserved  longer  than  the 
population  of  the  sea  the  species  it  contained  at  a  given  tin>e  in  the 
period,  but  its  genered  characters  and  the  relative  disposition  of  its 
elements  have  suffered  far  less  alteration  fmm  the  lapse  of  time  ;  in 
a  word,  it  has  remained  almost  stationary  from  one  end  of  the  period 
to  the  other,  instead  of  visibly  progressing,  as  is  proved,  respecting 
the  Cretaceous  plants,  by  comparing  those  which  existed  in  the 
Wealden  with  the  Flora  of  the  white  Chalk  or  Santonien.  That  is, 
in  my  opinion,  the  principal  feature  of  the  Jurassio  vegetation. 
Consult  from  this  point  of  view  the  Keuper,  the  Hhsetic,  the  Oolite, 
or  the  Wealden ;  that  is  to  say,  place  yourself  in  the  age  which 
immediately  precedes  the  period,  at  its  beginning,  middle,  or  even  at 
the  end,  there  is  almost  cJways  the  same  general  physiognomy  to  be 
observed;  and  the  Ferns,  the  EquiaetacecBf  the  CycctdacecBf  and  the 
ConifercB,  that  one  meets,  are  combined  in  relative  proportions  which 
vary  very  little.  A  second  phenomenon,  which  is  not  without  con- 
nexion with  the  last,  consists  in  the  recurrence  of  similar,  but  not 
absolutely  identical  forms,  although  it  is  difficult  at  times  to  dis- 
tinguish them,  which  have  just  shown  themselves  in  successive 
stages  separated  by  intervals  more  or  less  long,  as  if  the  same  forms 
re-appeared  still  recognizable,  although  slightly  modified. 

It  is  thus  that  several  Rhastio  species  soem  to  re-appear  in  the 
Oolite,  and  some  of  these,  like  the  Baiera  digitata,  Schimp.,  to  return 
in  the  Wealden  under  the  name  of  Baiera  plitripartita,  Schimp. 
One  cannot  reasonably  assign  to  these  singular  parallelisms,  which  I 
have  attempted  to  sum  up,  any  other  cause  than  the  persistence  or 
the  reproduction  of  the  same  physical  conditions,  bringing  with  it 
the  preservation  or  the  return  of  the  same  organio  Qom\A\i«»\k)i\i^. 
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Considered  as  a  whole,  the  Jurassic  vegetation  seems  to  have  heen 
poor,  monotonous,  and  almost  entirely  composed  of  tough  planti 
with  hard  and  meagre  foliage,  little  capable  of  furnishing  noorifih- 
raent  to  animals.  Thus  the  contemporary  terrestrial  anim^li 
were  generally  carnivorous,  and  the  mammifers  particularly  neariy 
all  insectivorous.  The  small  dimensions  of  most  of  the  planti 
of  this  epoch  result  from  the  comparison  of  their  different  organi 
with  those  of  species  which  correspond  to  them  in  the  same 
natural  Order.  Tlie  largest  Jurassic  Cycadacea  are  not  equal  to 
those  of  our  time ;  several  were  far  smaller,  or  even  were  only  a  few 
inches  high.  So  also  with  a  great  number  of  Ferns.  We  do  not 
find  in  the  plants  the  gigantic  proportions  assumed  by  the  greater 
number  of  the  contemporary  reptiles.  However,  to  avoid  exaggera- 
tion, wo  must  state  that  the  fronds  of  some  ferns  must  have  measured 
a  considerable  size  in  their  integrity,  and  that  the  Conifera,  especially 
the  CupressiniteSy  present  arl)orescent  types  of  the  first  magnitude 
Nevertheless,  when  one  studios  the  Jurassic  plants  closely,  nothing 
rich  or  luxuriant  discloses  itself,  and  one  is  stnick  by  the  ex- 
treme simplicity  of  the  group.  Equisetacea,  Ferns,  Cycadaees, 
Conifer  (By  some  rare  Monocotyledons,  are  the  sole  constituent  elements 
of  the  terrestrial  vegetation.  Add  some  rather  rare  Charaeea  and 
AlgcBy  and  wc  shall  have  enumerated  all  the  Orders  of  plants  which 
peopled  the  land  and  waters  of  our  country  at  that  period.  These 
are  some  of  the  most  startling  peculiarities  that  the  study  of  these 
diverse  groups  brinp:s  to  light. 

The  list  o\'  Ahj(€is  in  accordance  with  the  importance  of  the  marine 
deposits  and  tliu  predominance  of  the  seas,  at  an  epoch  when  central 
Eiiroi)o  still  formed  an  archipelago,  whose  islands  tended  to  unite 
themselves  without  being  detinitely  welded  into  a  single  continent 
To  expliiiu  the  motliod  of  determination  which  I  have  applied  to  the 
Jurassic  Ahjce  would  caiTv  this  l)eyon<l  the  bounds  of  a  simple  notice. 
It  is  very  e\ndent  that  the  greater  number  of  tlie-e  j)lanta  must 
have  perished  without  leaving  any  trace.  The  impressions  which 
have  come  down  to  us  are  all  tlio  more  interesting,  and — irrespective 
of  doubtful  forms  which  the  desire  of  l)eing  complete  urges  an 
author  to  describe,  without  having  a  viu-y  lively  faith  in  the  objects 
which  he  desires  conscientiously  to  make  known — there  exist  others 
that  are  trustworthy  ;  an  examination  of  these  suggests  manj'  curious 
remarks.  Thus  the  class  of  Algrf,  conformably  with  what  has  taken 
place  in  the  greater  number  of  marine  organisms,  has  altered  very 
gradually,  and  the  ol^stinate  persistence,  so  to  speak,  of  certain  types 
of  Jurassic  Alg^r,  establishes  this  in  a  sui-jmsing  manner.  In  sup- 
port of  this  I  will  adduce  three  kinds  of  Ahjcc  chosen  from  those  best 
chai-acterized  :  to  two  of  them  I  have  given  the  names  i>iphonite$ 
•and  CanccUophjcus ;  the  tliird  is  the  large  genus  Chondrites,  Stemb., 
several  times  altered,  Init  very  natural  when  we  only  include  species 
with  the  same  facios.  The  connexion  between  Chondrites  and  the 
existing  Gigartina  is  the  more  probjible,  as  several  of  the  Jurassic 
Apecies  exhibit  globular  swellings,  very  analogous  to  the  Sporangia 
of  the  living  members  of  this  family.     The  Chondrites  were  without 
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true  Flortdea,  with  stiflf  cartilaginous  fronds  like  those  of 
'-uSy  Gelidium,  Oigartina,  etc.     Their  development  reaches  its 

in  the  Jurassic  period;  but,  far  from  being  limited  to  that 
,  they  extend  into  the  Chalk,  and  appear  anew  in  the  Flysob, 
Is  the  middle  of  the  Tertiary  epoch.  The  forms  under  which 
len  show  themselves  are  so  similar  to  those  which  they  had 

Jura,  that  there  necessarily  exists  much  confusion  between 
3cie8  of  the  two  ages,  which  is  difficult  to  unravel,  but  which 
ses  at  least  to  the  persistence  of  the  genus  during  a  prodigious 
)f  time.  The  origin  of  the  (JhondriteSy  certainly  previous  to 
rassic  period,  is  connected  with  the  very  origin  of  organic  life, 
it  seems  more  than  probable  that  one  part  at  least  of  the 
•n  Bythotrephia  of  J.  Hall,  and  especially  B,  gracilis,  with  its 
68,  differ  in  no  respect  from  true  Chondrites, 
kanites  Herherii,  nov.  sp.,  an  Alga,  with  a  simple  cylindrical  and 
us  frond,  closed  at  the  top  like  the  finger  of  a  glove,  more  or 
lied  to  Codium,  and  therefore  to  Caul^rpitea,  has  been  found 
Herbert  at  the  very  base  of  the  Lower  Lias ;  it  has  an  in- 
table  affinity,  approaching  to  identity,  with  the.  Palaophycus 
ts,  J.  Hall,  a  Silurian  species  which  comes  from  the  same 
can  beds  as  the  Bythotrephis. 

cellophycusj  so  widely  spread  over  the  bosom  of  the  Jurassic 
nd  of  which  Chondrites  scoparius,  ThiolL,  is  the  type,  is  allied, 
■hondrites  and  Siphonites,  though  in  a  less  direct  manner,  to 
Boic  genera,  particularly  to  Spirophyton,  Hall,  of  the  American 
ian,  to  the  AlectoruruSj  Schimp.,  of  the  Swedish  Silurian, 
borve  all  to  the  Gaxderpites  marginatm,  Lesq.  {Physophycus, 
p.),  of  the  Carboniferous  of  Pennsylvania.  The  fronds  of 
lophycus  were  fixed  by  the  centre  or  the  base,  and  formed 
iceous  expansion,  more  or  less  scalloped  or  lobed  at  the 
a,  with  rows  of  perforations  disposed  in  ramified  lines  radiat- 
x)m   the    point    of  attachment,   spirally    twisted,   or  rather 

back  on  themselves  from  the  periphery.  The  substance 
se  fronds,  probably  of  a  cartilaginous  nature,  was  thus  per- 
1  with  a  multitude  of  narrow  and  regular  openings,  as  if 
by  a  punch.  This  type,  which  in  one  direction  mounts  to  the 
in,  shows  itself  in  an  opposite  direction  in  the  midst  of  the 
lian  sea.  Amongst  the  existing  Algse,  the  most  analagous  is 
\sophyUum  clathrusy  Post  and  Rupr.,  a  species  of  the  family  of 

and  of  the  order  of  Laminaria,  which  inhabits  the  coast  of 
shatka,  and  the  fronds  of  which,  pierced  with  regular  perfor- 
larger  than  those  of  the  fossil  fronds,  attain  a  diameter  of  six 
It  is  probable  from  this  resemblance  that  the  Cancellophycus, 
le  Agari,  have  formed  part  of  the  group  of  Laminaria,  or  at 
)f  a  group  allied  to  it. 

Alga  of  the  Secondary  seas  comprised  then,  according  to  all 
ranee,  Zoospores  and  Fiorides.   The  presence  of  Dietyotaeea  at 
me  epoch  is  proved  by  the  Fucoides  erecius^  Beaa  (T.Yk^RjMkX^l . 
3  Plants,  Quart.  Jonm.  Oeol.  Soc,  voL  xx.,  p.  6\,  \ato.  ''s^^m  ^^* 
f  3d),  a  species  from  the  Great  Oolite  of  &»x>ooto\x^>  "va. 
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which  M.  Schimper  has  recently  recognized  a  veritable  HaUum. 
Tlie  FucaceoB,  properly  so  called,  on  the  contrary,  would  apparently 
have  still  been  absent,  and  this  absence  would  support  the  opinion  oif 
those  who  recognize  in  them  the  most  highly  organized  of  all  die 
Alga.  The  same  appearance  is  not  presented  on  the  land;  we  may 
say  tliat  it  varies  according  to  the  groups  we  examine.  The  per- 
sistency of  the  structure  of  Eqaiselum  is  well  known;  those  of  the 
.JuraHKic  epoch  are  distinguished  by  their  great  height,  sometimei 
relatively  gigantic,  a  characteristic  nevertheless  that  would  not  apply 
to  all  the  species.  The  Ferns  present  a  singular  combination  of 
extinct  types,  and  types  whose  affinity  to  those  of  the  present  day 
cannot  bo  mistaken.  Clathropleris,  TJiaumaiopierta,  and  sevenl 
other  genera  with  reticulated  nerves,  wliose  fructification  hare 
recently  been  observed,  are  scarcely  distinguishable  from  the  living 
Dnjnarue^  with  which  we  should  perhaps  have  classed  them  if  there 
hud  boon  fossil  species.  Wo  might  state  also  tliat  several  Ttmof- 
UrUhi-  range  themselves  without  much  effort  by  the  side  of  MaraUia 
Daufta  aii(l  AngiopteriB,  and  consequently  amongst  the  Marotiiaeem; 
but  besides  those  partial  assimilations,  which  the  discovery  of  organs  of 
n)produotion  has  legitimized,  there  exist  a  number  of  types  that  we 
nrn  com  polled  to  group  artificicJly,  so  uncertain  are  we  still  on  the 
Hul\jeot  of  their  tnio  affinities.  Bespecting  many  of  them,  one  woold 
b«»  t'vrn  conipollod  to  believe  that  they  aro  really  without  any  actual 
Hniuity  to  any  of  the  living  genera  capable  of  being  compared  to 
(lifin.  Ilouco  the  method  of  classification,  founded  by  M.  Ad. 
nn)n;::niart,  and  based  solely  on  the  characteristics  of  the  nervation, 
tiikos  tln^  preoedeuco,  and  ought  to  be  exclusively  employed  as  the 
only  *>iH»  which  does  not  lead  to  erroneous  results. 

The  .1  iirassic  Ferns  of  France  comprise  a  moderately  large  num- 
lM»r  of  species,  and  oven  of  entirely  now  genera.  I  would  hero  oflfer 
an  explanation  of  those  difierences  whicli  are  calulated  to  strike  the 
mind  when  one  proceeds  to  enumerate  the  difibront  local  vegetations. 

Several  of  the  localities  whence  tlie  French  fossils  come,  amongst 
others  that  of  Hottango  (]\Ioselle),  of  Chatillon-sur-Seine,  of  Lour- 
dines   (Vienna),   of   Saint-Mihiol    (Mouse),  etc.,   represent  ancient 
sea-shores  where  the  mere  £U2tion  of  the  water  washing  away  the 
earth  and  of  the  wind  have  contributed  to  carry  the  plant  to  the 
bottom  of  deep  creeks  and  bays  filled  perhaps  with  a  pure  chalky 
slime  or  fine  mud  hereafter  converted  into  sandstone.     The  plants 
oollecte<l  under  these  conditions  diflfer  more  or  less  from  those  which 
we  meet  with  in  the  marly  and  bituminous  schists  which  must  have 
been  deposited  at  the  bottom  of  the  peaty  lagoons  or  estuaries  of 
that  epoch.     It  is  to  the  formation  of  this  last  kind  that  it  is  ex- 
pedient to  ascribe  the  EhoBtic  Flora  of  Franconia,  and  that  of  the 
Oolite  of  Scarborough.     These  floras  have  transmitted  to  us  the 
vestiges   of  a  fresh  and  luxuriant  vegetation,  whose  growth  was 
&voured  by  the  influence  of  the  waters,  and  which  was  without 
joubt  quite  distinct  from  that  which  covered  the  interior  of  the 
Hl^   It  isy  on  the  contrary,  that  second  vegetation  to  which  I  may 
Uly  apply  the  name  of  sylvan,  \>eea\ia^  \\.  ^x\sci!^i&d.  >ixi\formly 
he  Murfuoe  of  the  Juraasio  regioiia,  oi  'w\)iO;i  V}![i*^  Ic^^seSka  ^2^i»c:Xa\ 
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D  Prance  most  often  convey  the  appearance.  The  first  restricted 
9  the  watered  places  occupied  only  the  bottoms  of  valleys,  the 
ei^bourhood  of  waters,  and  the  edges  of  the  mouths  of  rivers, 
'oogh  Ferns,  of  small  and  ordinary  growth,  monotonous  in  aspect, 
ften  however  generically  distinct  despite  this  monotony,  together 
ith  Cycads  scarcely  varying,  and  Conifers  of  full  stature,  compose 
le  group  of  sylvan  flora,  the  details  of  which  change  more  thcui 
leir  fundamental  structure  as  one  passes  from  one  stage  to  another. 

I  will  say  little  on  the  subject  of  Oycads,  to  which  I  purpose  re- 
iming  later.  The  discovery  of  some  of  their  organs  of  fnictifica- 
on,  the  minute  observation  of  their  trunks,  of  their  mode  of  growth, 
id  of  the  relative  peculiarities  of  the  development  of  their  leaves, 
ill  lead  without  doubt  to  a  satisfactory  solution  of  questions  quite 
s  obscure  as  those  which  their  determination  raises. 

For  the  present  we  must  believe  that  the  Cycads  of  Jurassic 
iurope  are  not  directly  allied  to  any  of  those  now  existing.  The 
ving  Cycads  occupy,  in  small  scattered  groups,  some  Central  Ame- 
ica  and  the  dependent  islands,  others  Southern  Africa,  others  again 
le  islands  of  India  and  Japan,  or  finally  New  Holland.  Each  one 
r  these  regions,  it  must  be  remarked,  possesses  special  genera  of 
lyoads.  There  is  then  nothing  surprising  in  the  fact  that  our  con- 
nent  has  in  times  past  possessed  its  own  Cycads,  represented  by 
oiera  peculiar  to  itself. 

The  examination  of  the  Conifers  would  carry  us  further  still  ; 
esides,  their  study  is  far  from  complete ;  and  it  will  be  time,  when 
[lis  has  been  done,  to  state  the  definite  results.  One  must  admit  as 
robable  that  in  the  Lias  ambiguous  types  have  entirely  disap- 
eared,  the  last  continuations  of  the  Wakhia  of  Permian  strata,  of 
^oUzia  and  AJhertia  of  Keuper,  and  the  first  outlines  of  groups 
rhich  perfected  themselves  afterwards,  and  still  occupy  the  earth ; 
rhilst  in  the  Oolite  the  oldest  Araucaria  and  Sequoia  show  them- 
dlves  related  to  the  true  CupressiniteSf  more  or  less  allied  to  the 
listing  ThuyiopsiSy  Betinospora,  and  WiddringUmia.  They  were  with- 
nt  doubt  the  only  large  trees  of  those  past  times,  under  whose  shade 
be  other  plants  took  shelter.  The  climatic  conditions  were  still 
&r  from  what  they  have  since  become;  nothing  resembling  the 
lOnes  disposed  after  the  manner  of  latitudes  then  existed ;  and  a 
ensibly  equal  heat  stretched  over  every  part  of  the  globe.  Never- 
heless,  it  does  not  seem  to  follow  from  the  examination  of  the  indices 
urnished  by  the  plants,  that  the  temperature  of  Europe  would 
t  that  time  have  been  higher  than  that  which  countries  situated 
lear  the  tropics  now  enjoy.  An  annual  mean  of  77^  Fahr.  suffices 
3  explain  all  the  phenomena  which  the  Jurassic  vegetation  displays. 

Safobta. 

XL — A   Sketch   of   the   Geoloot   of  the   Neiohboubhood   of 

Banbubt.      By  Thomas  Bssslet,  F.CB. 

tcad  at  the  Annual  Meeting  of  the  Warwickshire  Natoralista'  and  ArohiBologiito' 

Field  Cinb,  at  Warwick,  6th  March,  1S72. 

ppEDS  district  deeonbed  by  the  author  is  that  on  e\^e»x  f^^  oi  ^^ 
L     Biver  Cherwell,  which  rises  twelve  milea  "E-TS."^.  oi  ■B«DJav)r3> 
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and  joins  the  Thames  near  Oxford  to  the  south;  the  valley  in  which 
it  flows  gradually  narrowing  in  that  direction,  while  to  the  north  it 
is  spread  out,  and  almost  divided  into  two  portions  by  a  ridge  d 
Lias  Marlstone ;  extending  from  Hardwick  to  Fenny  Oompton,  this 
formation  also  forms  the  table-land  on  either  side  of  the  valley. 

The  lowest  zone  of  the  Lias  visible  at  Banbury  is  that  of  Am- 
monites Henleyi,  from  which  beds  the  author  obtained  103  species  of 
fossils  and  a  large  number  of  Foraminifera ;  he  describes  the  beds  as 
consisting  of  dark-blue  shaly  marls,  with  occasional  septaria  and 
nodular  phosphatic  concretions,  with  a  thin  bed  of  hard  grey  shel^ 
Limestone  near  the  top,  known  as  "  Banbury  Marble." 

From  the  Capricomis  zone,  visible  in  the  brick-yard,  by  the  west 
side  of  the  canal,  south  of  the  town,  he  obtained  25  species,  amongst 
thorn  Cardium  truncatum,  Modiola  cuneata.  The  Am.  Jamesoni, 
Ift'nJeyi,  and  Capricomis  zones  the  author  calls  the  Lower  Middle 
Lias,  to  distinguish  them  from  the  Marlstone  rock-bed  and  its 
underlying  marls ;  the  last  two  zones  he  considers  to  be  forty  feet 
in  thickness. 

His  Upper  Middle  Lias  is  made  up  of  the  Am,  margariiatus  beds 
of  Twyford  Wharf,  south  of  Banbury,  with  40  species  of  fossils,  and 
the  Marlstone  rock-bed  or  zone  of  Am.  spinatus,  which  is  about 
twelve  feet  in  thickness,  and  forms  a  broad  table-land  on  the  south 
and  west,  and  a  terrace  on  the  east  side,  the  disintegration  of  which 
has  formed  the  rich  red  wheat-growing  land,  described  by  Arthur 
Young  "  as  the  glory  of  Oxfordshire."  On  Fdgehill  escarpment  it 
rises  to  an  elevation  of  720  feet  above  the  sea-level,  dipping  down 
to  500  feet  at  Banbury. 

The  following  section  is  given  of  the  Marlstone  at  the  Eling's 
Sutton  ironstone- works  : — 

Soil,  sandy  and  ferrufjinous       

Upper  JKAyN^rAonf^  ^raAAfra  bed  (Marlstone)     

JuluiawUUB       •«.       ,a,       ,,,       ,,,       ,,,       ,,,       ,,,       ,,,         ,,       ,,,       ,.. 

Lower  Rhynehonella  and  Terebratula  bed  (Marlstone)    

Marlstone  with  concretions 

Rusty  ferruginous  concretions 

Sandy  blue  marl  and  grey  shale       

The  concretionary  nodules  are  rich  in  phosphates,  and  are,  no 
doubt,  partly  the  cause  of  the  fertility  of  the  marlstone  soil.  Silicate 
of  iron  grains  often  occur,  so  as  to  give  almost  an  Oolitic  structure 
to  the  Marlstone ;  these  grains  are  sometimes  hollow,  and  appear  to 
have  been  moulded  upon  the  shells  of  Foraminifera  and  Entomo- 
stxaca.  The  rock-bed  is  a  sandy  ferruginous  limestone,  brown  out- 
side, and  greenish  blue  in,  separated  by  thin  partings  of  sandy  loam 
and  clay.  North  and  west  of  Banbury  the  rock  becomes  thicker, 
and  is  largely  quarried  for  paving,  troughs,  and  gravestones.  The 
Homton  stone  has  been  much  used  in  ike  old  churches,  and  wears 
welL 

Large  excavations  have  been  made  in  the  marlstone  on  both  sides 
of  the  valley  at  Adderbury  and  King's  Sutton,  four  miles  south  of 
|h^ury,   near  the   Qreat  Western   Railway  and  Canal,  for  the 

€0  of  smelting  to  obtain  the  ixon  which  is  found  in  tiiie  Marl- 
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stone,  in  yariable  proportions,  that  of  King's  Satton  ranging  from 
18*7  to  25*5,  and  even  to  34  per  cent,  of  iron,  but  the  richer  samples 
are  very  sandy. 

When  richest  it  will  yield  as  much,  according  to  Prof.  Phillips 
(Geol.  of  Oxford,  etc.),  as  "  30,000  tons  to  the  acre,  every  three  tons 
of  the  best  samples  producing  one  ton  of  iron." 

From  the  Meurlstone  beds  Mr.  Beesley  obtained  69  species  of  fossils, 
and  from  the  whole  Middle  Lias  190 ;  from  the  Adderbury  quarry 
he  mentions  a  large  trunk  of  Coniferous  wood,  and  describes  drift- 
wood as  common  in  the  Marlstone. 

Detached  outliers  of  Upper  Lias  occur  on  Crouch  and  Constitution 
Hills,  on  the  Marlstone  plateau,  and  fringes  along  the  slope  of  the 
valleys  to  the  west,  reaching  a  thickness  of  100  feet  of  blue  whitish 
olay,  with  earthy  limestone  separated  by  thin  shales. 

The  Saurian  and  Fish  zone  of  Somersetshire  was  discovered  by 
Mr.  Beesley,  at  Middleton  Cheney  and  Thenford  to  the  east,  and  by 
Mr.  Judd,  F.G.S.,  at  Sibford,  seven  miles  west  of  Banbury.  The 
"  Upper  Cephalopoda  beds "  of  Somersetshire,  described  by  Mr. 
Moore,  F.G.S.,  are  constant  in  the  former  district ;  from  these  Upper 
Lias  beds  were  obtained  124  species,  including  2  vertebrata  and 
2  corals.  Two  years  ago  it  was  shown  by  Mr.  Judd,  late  of  the 
Qeological  Survey,  and  by  Mr.  Sharp,  F.G.S.,  of  Dallington,  that  the 
Northampton  sands  (which,  in  opposition  to  the  views  of  Dr.  Lycett, 
Prof.  Morns,  and  the  Rev.  P.  B.  Brodie,  have  been  held  by  many 
eminent  geologists  to  be  the  base  of  the  "  Great  Oolite"),  were  really 
the  Inferior  Oolite.  Mr.  Beesley  has  not  only  been  able  to  confirm 
this,  but  has  discovered  the  Inferior  Oolite  rock-bed,  probably  a  part 
of  the  Freestone  division. 

The  marlstone  plateau  to  the  south  is  bounded  by  the  Northampton 
Sands  "  from  Swerford  on  the  west,  by  Great  Tew  and  Dun's  Tew 
to  near  Deddington."  It  also  forms  the  east  and  west  slopes  of 
Constitution  Hill,  where  loose  sandy  beds  occur ;  at  Milcomb  Hill  are 
sandy  limestones,  and  at  Sibthorp  a  light  brown  thick-bedded  lime- 
stone is  quarried  for  building.  The  sandy  beds  sometimes  reach  a 
thickness  of  30  feet,  and  are  of  a  red,  orange,  grey,  or  white  colour. 

In  the  limestones  occur,  Am,  MurchisoncB,  Hinnites  ahjectus,  Ostrea 
eoatata,  Terehratula  perovaliSj  Bhynchonella  siib-deeorata,  Montlivaltia 
De-la-Bechei,  &c. 

At  Combe  Hill  and  Black  ingrove  limestone  beds  let  in  by  faults 
(originally  mapped  however  by  the  Geological  Survey  as  "  North- 
ampton Sands  ")  have  been  proved  by  Mr.  Beesley  to  be  undoubtedly 
Inferior  Oolite.  From  the  Combe  Hill  beds  he  has  collected  65  species 
of  fossils,  most  of  which  were  determined  by  Mr.  Etheridge,  F.R.S. 
The  collection  includes  a  new  Trigonia^  which  will  be  described  by 
Dr.  Lycett  in  his  monograph  on  the  Trigoniada. 

The  thickness  of  the  Great  Oolite  cannot  be  meeisured,  owing  to 
faults.  It  is  probably  about  50  feet  The  limestone  is  earthy,  com- 
pact, white  outside,  and  blue  within.  It  is  never  a  freestone,  but 
occasionally  contains  hard  shelly  bands  like  Forest  Marble,  \sa!^^  ^^t 
road-metaL     The  iixnastone    at  Tadmarton   oontaina    TeUo%au'niA 
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hrevidenM  and  $Mlbuiiden$,  and  the  whole  section  (bnt  chiefly  the  abon 
and  Constitution  Hillj  has  yielded  129  species.  The  base  when  isa 
invariably  rests  on  a  grey  laminated  sandy  marl,  lestiiig  on  the 
Northamptonshire  Sands. 

In  making  a  new  branch  railway  recently  at  Greatwoith,  die 
Great  Oolite  was  found  to  be  eroded  and  smoothed  by  glaoial  aotion, 
and  filled  with  drift.  The  base  is  a  blackish  clay,  with  abundant 
decayed  glacial  shells,  above  is  a  grey  sand  with  a  few  shells,  over- 
laid  by  gravels,  clays,  and  sands,  with  pebbles  and  lumps  of  hard 
chalk,  Permian  sandstone,  Ostrea  dilatata,  and  Marlstone,  mostly 
scratched. 

Mr.  Beesley  describes  the  faults  traced  in  the  Oeol.  Survey  Hap^ 
and  also  a  small  one,  parallel  with  Broughton  fault,  from  Brou^ton 
road  across  the  low  ground  between  Constitution  and  Crouoh  HiUi, 
with  a  downthrow  north  of  30  feet  C.  £.  Dm  B. 


Geolooioal  Society  of  London. — I. — March  20,  1872. — Ptof. 
Jolm  Morris,  Vice-President,  in  the  Chair. — The  following  com- 
munication was  read : — "  On  the  Wealden  as  a  Fluvio-lacustrine 
Formation,  and  on  the  relation  of  the  so-called  '  Punfield  Formation ' 
to  tho  Woaldon  and  Neocomian."     By  C.  J.  A.  Meyer,  Esq.,  P.G5. 

Ill  this  paper  the  author  questioned  the  correctness  of  assigning 
ihn  W«'aldcu  Ijods  of  the  south-east  of  England  to  the  delta  of  a 
singln  river;  he  considered  it  more  probable  that  they  are  a  fluvio- 
latMiHtrino  rather  than  a  fluvio-marino  dei^sit,  and  attributed  their 
aiMMiiiiulation  to  the  combinod  action  of  several  rivers  flowing  into 
a  wi(l(^  hut  shallow  lake  or  inland  sea.  The  evidence  adduced  in 
favour  of  those  views  was  mainly  as  follows : — The  quiet  deposition  of 
iiioHt  of  tho  sedimentary  strata,  the  almost  total  absence  of  shingle, 
t.lin  ])revalence  of  such  species  of  MoUusca  as  delight  in  nearly  quiet 
waters,  the  comparative  absence  of  broken  shells  such  as  usually 
alMiund  in  tidal  rivers,  and  the  total  absence  of  drift-wood  perforated 
by  Mollusca  in  either  the  Purbeck  or  Wealden  strata. 

This  Wealden  lacustrine  area  the  author  supposed  to  have  origi- 
nated in  the  slow  and  comparatively  local  subsidence  of  a  portion  of 
a  land-surface  just  previously  elevated.  He  considered  that  diu-ing 
the  Purbeck  and  later  portion  of  the  Wealden  era  the  waters  of  su(£ 
lacustrine  area  had  no  direct  communication  with  the  ocean.  The 
changes  from  freshwater  to  purely  marine  conditions,  which  are 
twice  apparent  in  tho  Purbeck  beds,  and  the  final  change  from 
Wealden  to  Neocomian  conditions  at  the  close  of  the  Wealden,  were 
attributed  to  tho  sudden  intrusion  of  oceanic  waters  into  an  area 
below  sea-level. 

The  author  then  pointed  to  the  traces  of  terrestrial  vegetation  in 
the  Lower  Greensand  as  evidence  of  the  continuance  of  river-action 
after  the  close  of  the  Wealden  period. 

In  tiiie  concluding  portion  of  his  paper  the  author  referred  to  the 
^on  of  the  Punlleld  beds  of  Mx.  Ju.dd  to  the  Neocomian  and 
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Wealden  strata  of  the  south-east  of  England.     From  the  sequence 

of  the  strata,  no  less  than  on  palseontological  eyidence,  he  considered 

the  whole  of  the  so-called   '^Punfield  formation"  of  the  Isle  of 

Porbeck  to  be  referable  to  the  Lower  Oreensand  of  the  Atherfleld 

section. 

Discussion, — Mr.  Godwin-Austen  did  not  agree  with  Mr.  Jadd  in  calling  the 
bed  at  Pimfield  the  Pnnfield  *'  formation ;  **  it  was  merely  a  bed  intercalated  between 
beds  of  a  different  character  below  and  abore.  There  could  be  no  doubt  of  the 
Wealden  deposits  extending  over  an  area  at  least  equal  in  extent  to  many  of  the 
freshwater  lakes  at  present  in  existence ;  and  the  freshwater  conditions  exhibited  by 
the  Wealden  most  haTe  been  in  existence  during  an  immense  length  of  time.  At 
Punfield  alone,  howaTer,  was  there  evidence  of  the  transition  from  freshwater  to 
marine  conditions,  as  the  other  reputed  cases  seem  to  be  merely  instances  of  landslips. 
The  change  from  one  condition  to  the  other  might,  he  thought,  be  due  to  a  very 
slight  depression.  The  Neocomian  series,  such  as  was  known  to  continentid 
geol<^;ists,  could  hardly  be  recognized  in  Britain ;  and  it  was  only  during  the  last 
portion  of  that  period  that  any  deposits  took  place  in  this  country.  The  phenomena 
of  the  Wealden  deposits  might,  he  believed,  be  traced  over  a  much  larger  area  than 
was  commonly  supposed,  and  certainly  as  far  as  Saxony.  He  considered  that  the 
same  area  of  land  continued  through  both  the  Jurassic  and  the  Cretaceous  times. 

Prof.^  fiamsay' thought  that  the  Purbeck  strata  were  connected  with  lagoons  in 
contiguity  with  a  large  river  rather  than  with  inland  lakes.  These,  from  time  to 
time,  owitt?  to  oscCLlations  of  level,  were  covered  with  marine  deposits.  He  did 
not  think  that  the  absence  of  gravelly  deposits  offered  any  serious  difficulty  in  re- 
garding the  Wealden  strata  as  marine.  It  seemed  to  him  more  probable,  however, 
that  the  sands  and  clays  of  the  Wealden  were  due  te  some  ancient  rivers  on  a  large 
scale,  and  deposited  at  their  mouths,  though  in  some  spots  the  beds  were  iubject  to 
the  action  of  fresh  and  salt  water  alternately.  To  the  east  of  Oxford  the  Lower 
Oreensand  beds  were  found  at  first  to  contain  marine  shells ;  but  as  they  proceeded 
eastward  freshwater  forms  made  their  appearance,  and  in  places  at  last  predominated 
in  beds  of  the  same  lithological  character.  He  regarded  the  Neocomian  as,  to  some 
extent,  a  marine  representative  of  the  Wealden,  though  of  later  date. 

Mr.  Etheridge  recalled  the  &ct  that  Mr.  Judd  had  correlated  the  Punfield  fossils 
with  those  of  the  north  of  Spain,  twenty-two  species  found  in  each  being  absolutely 
identical.  He  argued  from  this  that  the  extent  of  the  beds  may  haye  been  far  larger 
than  might  be  supposed.  In  Hanover  the  beds,  characterized  by  different  Am- 
raonitesy  occurred  in  precisely  the  same  order  as  in  England  at  Speeton  and  else- 
where. He  regarded  the  question  between  Mr.  Judd  and  uie  author  of  the  paper  as 
not  yet  absolutely  settied,  though  both  had  done  so  much  for  its  elucidation.  - 

l4of.  T.  Rupert  Jones  remarked  that  the  Purbeck- Wealden  lake  theory  had  not 
only  been  intimated  by  several  previous  writers,  but  had  been  illustrated  by  maps  by 
MeHEB.  Godwin-Austen  and  Searles  Wood,  Jun.  Whatever  the  Section  of  the 
main  rivers,  and  whatever  the  extent  of  the  lakes,  the  Bev.  Osmond  Fisher  had 
shown  that  sue  river  came  in  from  the  west.  Mr.  Jones  instanced,  in  support  of 
the  lake-theory,  the  occurrence  of  oysters,  Fotamides,  and  Corbula  in  the  base  of  the 
Wealden  at  Pounceford;  also  the  dwarf  TomateUa  PopH  at  Tunbridge  Wells 
and  Balcombe.  He  alluded  also  to  the  brecciated  condition  of  some  and  the  upturned 
position  of  ether  Wealden  beds.  In  allusion  to  the  small  bivalve  Entomostraca  so 
often  referred  to,  he  regretted  that  they  had  not  yet  been  fuUy  described ;  a  bed  of 
tiiem  occurred  in  the  Upper  Portland  at  HartweU  before  the  Purbeck  set  in.  He 
condnded^  by  saying  that  such  general  papers  as  the  one  under  discussion  ought  to 
hare  detailea  references  to  the  writings  and  opinions  of  prerious  observers. 

Mr.  Hulke  referred  to  the  question  of  gravels  being  present  in  the  WeEdden,  which 
he  stated  were  in  some  localities  abundant,  getting  coarser  in  the  beds  furthest  to  the 
weft.  This  increase  in  the  coarseness  of  the  gravel  was  suggestiye  of  a  riyer  running 
from  west  to  east  In  the  east  of  the  Isle  of  Wight  he  had  found  remains  of 
FknotauruB^  a  marine  form,  much  more  commonly  than  further  west,  which  sup- 
ported the  same  yiew.  He  mentioned  beds  between  Brixton  and  Calboume,  in  the 
tale  of  Wieht,  which  appeared  to  him  strictiy  analogous  to  those  \XL^ox\»Qiciv«  "^^^ 

Mr.  JenBas  disputed  the  identitv  of  origin  of  the  PnxbecV  «n!^  '^«Q\dL«a\)«AiL> 
~  Bodkat  in  t&e  ibimer  and  oomparatiTely  absent  in  ih«  ol£2^^ 


284  ReporU  and  Proceedings. 

an  equtllr  marked  difTerence  in  the  organic  contents  of  the  two  fbnnatioiis.  He  eoi- 
ridered  the  Purbeck  formation  to  hare  been  deposited  in  a  lagoon  aiibifct  to 
occasional  invasions  of  the  sea,  while  the  Wealden  was  in  Act  a  large  delta.  Thoigk 
both  were  of  freshwater  origin,  they  were  deposited  under  totally  diiSerent  eonditMaf. 

The  Chairman,  alluding  to  the  pseudomorphs  of  salt  mentioned  by  the  aatkor, 
stated  that  they  had  been  somewhat  compressed,  and  thus  modified  in  form.  Thsy 
had  also  been  found  in  other  beds  in  the  Wealden.  He  commented  on  the  exteuuM 
of  the  Wealden  strata  even  to  the  south  of  Moscow.  In  the  Oxford  and  Backingbim- 
shire  area  there  was  evidence  of  great  denudation  of  the  Purbeck  and  Wealdeo  bedi 
prior  to  the  deposit  of  the  Neocomian.  so  that  great  changes  would  seem  to  have 
taken  place,  ^ving  rise  to  a  great  amount  of  denudation  towards  the  eloae  of  tke 
"Wealden  penod. 

Mr.  Meyer  agreed  with  Mr.  Godwin- Austen  and  other  speakers  as  to  there  havinj 
been  a  certain  amount  of  denudation  of  the  Upper  Wealden  beds  prior  to  the  deponk 
of  others  upon  them,  but  thia  he  regarded  as  merely  locaL  It  was  the  absence  of 
shingle  rataer  than  of  gravel  to  which  he  had  alluded  in  hia  paper.  He  thought  that 
there  was  a  diatinction  to  be  traced  between  the  Neocomian  of  the  north  of  Enfflaod 
and  that  of  the  south,  and  that  the  middle  beds  of  one  were  equivalent  to  the  bwer 
beds  of  the  other. 

n.— April  10, 1872.— His  Grace  the  Duke  of  Argyll,  K.T.,F.B.S., 
President,  in  the  Chair. — The  following  oommunication  was  read : — 
"  Notice  of  some  of  the  Secondary  Effects  of  the  Earthquake  of  the 
10th  January,  1869,  in  Cachar."  Communicated  by  Dr.  Oldham,  of 
Calcutta,  with  remarks  by  Robert  Mallet,  Esq.,  C.E.,  F.B.3. 

This  earthquake  was  a  severe  one,  being  strongly  felt  in  Calcutta, 
distant  from  the  meizoseismic  area  about  200  miles,  and  far  into  the 
plain  of  Bengal. 

The  effects  were  examined  on  the  spot  a  few  weeks  after  the 
shock  by  Dr.  Oldham,  who  anticipates  being  able  to  fix  the  position 
and  depth  of  the  centre  of  impulse  by  following  the  same  methods 
as  those  first  employed  by  Mr.  Mallet  with  respect  to  the  great 
Neapolitan  earthquake  of  1857. 

These  results  have  not  yet  been  received ;  but  Dr.  Oldham  has 
forwarded  an  extremely  interesting  letter  on  the  circumstances  of 
production  of  very  large  earth -fissures,  and  of  the  welling  up  of 
water  from  these,  derived  from  the  water-bearing  ooze-bed,  upon 
which  reposed  the  deop-clay  beds  in  which  the  fissures  were  formed. 

Dr.  Oldham  rightly  views  all  these  fissures,  which  were  all  nearly 
parallel  to  and  not  far  distant  from  the  steep  river  banks,  as 
"  secondary  effects,"  and  not  due  to  fractures  produced  by  the  direct 
passage  of  the  wave  of  shock.  Ho  also  shows  that  the  welling  up  or 
overflowing  of  the  water  in  the  fissures  was  a  secondary  effect  also, 
and  negatives  the  notion  entertained  on  the  spot  of  mud-volcanos, 
etc.,  having  originated  at  those  fissures. 

The  chief  aim  of  Mr.  Mallet's  remarks  was  to  point  out  the 
importance  to  geologists  of  rightly  comprehending  the  dynamics  of 
production  of  these  phenomena,  and  to  show  that  the  older  notions 
of  geologists  as  to  earthquake-fissures  are  untenable.  He  explained 
clearly,  aided  by  diagrams,  the  train  of  forces  by  which  the  elastic 
wave  of  shock,  on  passing  out  of  the  deep-clay  beds  where  these 
have  9k  free  side  forming  the  steep  river  banks,  dislodges  certain  por- 
^tions  and  throws  them  off  towards  that  free  side — and  that  this  is 

t  a  0080  of  the  general  law  in  aocoxd^ne^  mVk  \A^c\i  %\sAh  elastic 
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waves  behave  towards  more  or  less  incoherent  deposits  reposing  on 
inclined  or  on  level  beds,  under  various  conditions. 

Mr.  Mallet  also  explained  the  dynamic  conditions  under  which  the 
water  from  water-bearing  beds,  such  as  that  of  ooze  beneath  the 
Oaohar  clay-beds,  becomes  elevated  in  the  fissures  formed,  and  gave 
approximate  expressions  for  the  minimum  height  to  which  the  water 
can  rise  in  relation  to  the  velocity  of  the  elastic  wave  particle.  The 
paper  concluded  with  remarks  upon  the  continual  noises,  like  the 
irregular  fire  of  distant  artillery,  heard  long  after  the  shock  had 
passed,  and  when  the  country  had  become  perfectly  quiescent. 

D1BCUB8ION. — Mr.  Scott  wished  to  ascertain  the  author's  opinion  as  to  the 
poasibility  of  predicting  earthquakes  on  meteorological  grounds,  as  had  heen  done 
Dj  M.  Boulara,  serertu  of  whose  prophecies  were  said  to  nare  been  fulfilled. 

Mr.  D.  Forbes  gare  some  details  of  the  earthquake  of  Mendoza,  a  town  situated 
on  a  TEst  alluvial  plain  at  the  foot  of  the  Andes,  in  which  the  phenomena  remark- 
ftbly  coincided  with  those  detailed  by  Dr.  Oldham.  In  that  case  he  found  that  the 
mmouTB  as  to  fire  and  smoke  haying  been  emitted  from  fissures  were  entirely  without 
foundation,  the  presumed  smoke  having  been  nothing  but  dust.  The  earthquake 
was  felt  over  a  distance  of  1 200  miles ;  and  whererer  the  firm  rock  came  to  the  sur- 
fiice  there  was  no  trace  of  fissure,  though  portions  of  the  rock  were  overthrown.  But 
in  the  plain,  consisting  of  30  or  40  feet  of  alluyial  soil,  the  whole  ground  was  in 
places  nssurt^,  and  in  some  districts  the  surface  completely  furrowed,  and  eren  the 
turf  turned  over.  He  had  witnessed  numerous  earthquakes,  and  in  some  cases  had 
been  in  deep  mines  during  their  occurrence,  when  the  sound  only  could  be  hoard,  and 
he  could  testify  to  their  effects  being  confined  to  the  surface.  The  direction  of 
the  fissures  was  invariably  at  right  angles  to  the  line  of  shock.  In  South  America 
all  the  earthquakes  could  be  traced  to  volcanic  centres. 

The  President  inquired  as  to  the  distinction  to  be  drawn  between  the  primary  and 
secondary  effects  of  earthquakes,  and  whether  the  author  thought  that  no  fissures 
were  attributable  to  the  direct  action  of  earthquakes ;  also  as  to  the  cause  of  the  sounds. 

Mr.  Mallet,  in  reply,  explained  that  fissures  only  take  place  where  masses  were 
comparatively  free  in  one  direction.  They  might  extend  to  enormous  depths,  though 
they  often  closed  in  rapidly.  With  regard  to  the  power  of  predicting  earthquakes, 
he  disbelieved  in  it  wholly,  and  considered  that  any  fulfilment  of  such  prophecies 
must  be  due  to  accident ;  earthquakes  are  so  numerous,  that  the  chances  of  such 
fulfilments  arc  great.  The  blow  or  impulse  originating  earthquakes  could  not  be 
attributed  solely  to  one  cause.  It  arose  olten  from  deep  subterranean  volcanic  action, 
bat  it  also — especially  in  the  case  of  long-continued  tremors,  like  those  of  Comrie  or 
Pignerol — arose  from  the  breaking  up  or  the  grinding  over  each  other  of  rocky  beds 
at  a  great  depth,  through  the  tangential  pressures  produced  in  the  earth's  crust  by 
secular  cooling.  The  arrested  impulse  of^  the  fall  of  the  Eosberg  in  Switzerland 
produced  a  sensible  earthquake.  Fissures  in  hard  rock  could  not  be  produced 
directly  by  the  shock,  because  the  velocity  of  impulse  in  such  rock  greatly  exceeded 
that  of  the  elastic  wave  particle.  The  earth's  crust  was  at  present  not  in  a  state  of 
tension,  but  of  compression,  through  secular  cooling. 

III.— April  24, 1872.— Prof.  Ramsay,  F.R.S.,  Y.P.,  in  the  Chair.— 
1.  "  An  extract  from  a  despatch  from  H.M.  Minister  in  Teheran." 
From  the  llight  Hon.  the  Earl  Granville,  Secretary  of  State  for 
Foreign  Affairs.  It  described  the  effects  of  some  severe  earthquake 
shocks  experienced  at  Khabooshan,  in  North- Western  Khorassan. 
On  the  28rd  December,  1871,  an  earthquake  occurred,  which  destroyed 
half  the  town  of  Khabooshan,  and  l)uried  about  2000  of  its  inhabitants 
in  the  ruins.  On  the  6th  January,  1872,  another  severe  shock  de- 
stroyed the  remainder  of  the  town,  and  killed  about  4000  people. 
Four  forts  near  the  town  were  so  completely  buried  that  not  a  trace 
of  them  can  be  seen.    It  was  estimated  that  30,000  lives  vrox^  Vqe^V^ 
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in  Ehabooshan,  Bojnoord,  and  tbe  surrounding  Tillages,  by  the  effeci* 
of  these  earthquakes. 

2.  "  On  the  Geology  of  Queensland."  By  B.  Daintree,  Esq.,  Y.Q& 

The  author  stated  that  alluvial  deposits  are  very  scanty  in  Queens- 
land, except  on  the  northern  shores  of  Carpentaria  and  near  the 
mouths  of  the  larger  rivers.  The  fossil  remains  of  extinct  Mammalia 
(Diproiodon,  Maeropus,  Thylaeoleo,  Nototherium,  etc.)  are  found  with 
shells  of  existing  species  in  brecciated  alluvia,  representing  beds  of  old 
water-courses,  through  which  modem  creeks  have  cut  their  channela 

Of  Cainozoio  deposits  the  most  important  is  called  the  ''Desert 
Sandstone "  by  the  author ;  it  consists  of  horizontal  beds  of  coarse 
grit  and  conglomerate,  nowhere  exceeding  400  feet  in  thickness, 
forming  a  sandy  barren  soil  by  their  disintegration.  The  only  fossilB 
found  in  it  are  rolled  fragments  of  Coniferous  wood;  and  its  strati- 
graphical  position  is  determined  solely  by  its  resting  unconformably 
upon  beds  containing  Cretaceous  fossils.  The  author  considered  that 
this  deposit  formerly  covered  nearly  the  whole  of  Australia. 

Beds  containing  Mesozoic  forms  of  fossils,  and  referred  by  the 
author  to  the  Cretaceous  series,  occur  upon  the  Upper  Flinders. 
At  Marathon  these  deposits  consist  of  a  fine-grained  yellow  sand- 
stone, and  below  this  a  series  of  sandstones  and  argillaceous  lime- 
stones, containing  four  species  of  InoceramuB,  with  a  species  of 
Jchthyotaurut  and  two  of  Flesiosaurus,  At  Hughenden  station,  near 
Mount  Walker,  there  is  a  series  of  calcareo-argQlaceous  beds,  prob- 
ably inferior  to  those  of  Marathon,  and  containing  two  species  of 
Ammonites,  with  Avicula  gryphosoides,  a  Fecten,  etc.  At  Hughenden 
cattle  station,  twenty  miles  further  up  the  river,  numerous  Belem- 
nites  are  found  loose  upon  the  surface.  These  Mesozoic  rocks  also 
extend  down  the  Thompson  River  and  its  tributaries.  The  author 
referred  to  the  fossils  described  by  Mr.  Charles  Moore  as  probably 
Oolitic,  and  stated  that  it  is  more  than  probable  that  Oolitic  and 
Cretaceous  rocks  extend  throughout  the  whole  of  Central  Queens- 
land, and  thence  to  Western  Australia.  On  the  eastern  side  of  the 
dividing  range  a  small  patch  of  ferruginous  grit  containing  Panopaa 
plicata,  occurs  near  Pelican  Creek ;  and  from  iGk>rdon  Downs  species 
of  PanopcBa,  Fholadomya,  and  Cueidkea  have  been  obtained.  These 
beds  probably  represent  a  lower  horizon  than  those  on  the  Flinders 
Biver ;  and  a  large  portion  of  the  colony  east  of  the  dividing  range 
is  covered  by  freshwater  deposits,  containing  plant-remains  (in- 
cluding TcBniopteria),  and  in  their  upper  part  a  fauna  apparently 
intermediate  between  the  Gk)rdon  Downs  and  Flinders  Biver  series. 
In  these  deposits,  on  the  Condamine,  Brisbane,  and  Mary  rivers, 
numerous  coal-seams  exist  The  author  supposes  that,  contempora- 
neously with  the  deposition  of  a  series  of  marine  beds  to  the  west  of 
the  dividing  range,  during  the  Oolitic  and  part  of  the  Cretaceous 
period,  a  vast  lacustrine  deposit  w£is  to  the  eastward  of  the  range,  to 
which  the  sea  subsequently  obtained  access. 

Among  the  Paleeozoic  deposits,  the  author  distinguished  Carbon- 

jferouB  and  Devonian  rocks.    The  Carboniferous  series  was  said  to  be 

repreaented  in  northern  QueenfiAAXi&\>^  %xi  QstAxiaive  coal-fields    The 
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upper  portion  of  Hie  series  (grits,  sandstones,  and  shales)  oontains 
ohiefly  fosnl  plants,  the  most  abundant  being  a  GloBwpierU,  The 
lower  strata  (generally  argillaceous  limestone)  contain  Producti, 
Spir^ercBf  etc.,  of  true  Carboniferous  type,  intermixed  with  scanty 
and  imperfect  remains  of  the  above-mentioned  plants.  A  set  of 
fossils  from  the  head  of  the  Don  River  were  said  to  agree  with  those 
found  in  the  Hunter  Biver  series  of  New  South  Wales. 

Devonian  rocks  extend  from  18^  S.  lat  to  the  southern  boundaiy  of 
Queensland  and  for  200  miles  inland.  They  consist  of  slates,  sand- 
stones, and  Ck>ral-limestones.  The  upper  portion  of  this  series  con- 
tains an  abundance  of  fossil  plants,  the  deposits  containing  which, 
at  Mount  Wyatt,  are  interstratified  with  beds  containing  SptrifercB, 
and  other  fossils  of  Devonian  type  occur  in  beds  reached  by  shafts 
sunk  through  these  strata.  In  the  limestone  of  the  lower  portion 
of  the  series  seen  on  the  Broken  Biver  corals  are  very  numerous. 
Gk)ld  is  found  in  many  parts  of  the  Devonian  district,  and  the  author 
entered  in  considerable  detail  into  its  mode  of  occurrence  there. 

Metamorphic  rocks  were  described  by  the  author  as  occurring  in 
various  localities.  At  the  Cloncurry,  Gape  Biver,  Gilbert,  Peak 
Downs,  Black  Snake,  Kilkwan,  and  Goaroomjain  Diggings  these  are 
mica-  and  hornblende-schists,  whilst  at  the  Bavenswood  Diggings 
the  rock  is  a  granite  with  triclinic  felspar.  The  latter,  which 
oontains  more  or  less  hornblende,  the  author  regarded  as  of  meta- 
morphic origin.  The  author  noticed  the  connexion  between  the 
presence  of  trappean  rocks  in  these  metamorphic  areas,  and  in  the 
Devonian  area,  and  the  production  of  auriferous  and  cupriferous  lodes. 

True  granites  crop  out  along  the  eastern  coast  of  Queensland,  and 
these  vary  much,  passing  into  porphyry  and  quartz-porphyry,  but 
monoclinic  felspar  always  predominates  in  them. 

The  intrusive  Trappean  rocks,  which  are  regarded  as  influencing 
the  production  of  auriferous  veinstones  in  the  Devonian  and  meta- 
morphic rocks,  are  noticed  at  considerable  length  by  the  author,  and 
consist  of  pyritous  porphyrites  and  porphyries,  pyritous  diorites  and 
diabases,  chrome-iron  serpentines  and  pyritous  felsites ;  the  author 
considers  that  this  order  probably  indicates  the  succession  of  these 
rocks  in  time.  The  veinstones,  he  thinks,  were  probably  deposits 
of  mineral  matter  from  the  hydrothermal  action  which  preceded, 
and  continued  long  after  the  cooling  of  the  traps  themselves. 

The  volcanic  rocks,  in  the  author's  opinion,  have  played  a  most 
important  part  in  determining  the  elevation  and  present  physical  out- 
line of  north-eastern  Queensland  ;  they  follow  the  line  of  greatest 
elevation  on  the  main  watershed  at  altitudes  of  from  1500  to  2000 
feet  above  the  sea-level.  The  general  arrangement  of  the  other 
rocks  referred  to  is  epitomized  by  the  author  as  follows : — 

''With  the  exception  of  the  McEinlay  ranges,  a  line  drawn 
parallel  with  the  eastern  coast  at  a  distance  of  250  miles  would  in- 
clude all  the  Palaoozoic,  metamorphic,  and  igneous  rocks  represented 
in  the  colony,  both  coal-groups  lying  within  the  same  area. 

"  The  Mesozoio  and  Cainozoic  systems  occupy  the  surface  area  to 
the  westward. 
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"  The  descent  going  eastward  is  first  locally  a  thin  capping  of 
'  Desert  Sandstone/  next  Carboniferous,  then  Devonian,  and  possibly 
Silurian,  with  patches  of  metamorphic  and  granitic  rocks  interspersed. 

"  The  chief  granitic  mass  extends  from  Broad  Sound  to  Cape  York, 
with  an  occasional  capping  of  '  Desert  Sandstone.' " 

The  paper  contained  numerous  analyses  of  the  various  rocks,  and 
the  fossils  have  been  worked  out  by  Messrs.  Etheridge  and  Carruthers, 
whose  lists  and  descriptions  of  them  are  appended  to  the  paper. 

DiBCUBBioN. — ^Mr.  Etheridge  mentioned  that,  among  the  fossil  Molliuca  exhibited 
from  Queensland,  there  were  aboat  eighty  species  in  all,  thirty-nine  of  which  were 
new.  About  twelve  species  wore  also  found  m  the  British  area,  some  of  them  being 
of  common  occurrence  in  both  countries.  This  was  especially  the  case  in  the  Paleo- 
zoic rocks,  but  also  prevailed  to  a  considerable  extent  in  those  of  the  Cretaceoos 
period.  The  same  similarity  among  fossils  so  widely  separated  in  space  was  found 
among  the  fossil  corals  of  Queensland  snd  those  of  Europe.  It  was  to  be  regretted 
that  so  many  of  the  fossils  are  merely  casts ;  but  he  still  thought  that  they  were 
capable  of  being  properly  figured,  and  the  species  determined. 

Mr.  Carruthbkb  had  examined  the  vegetable  remains  brought  over  by  the  author, 
which  were  of  g^eat  importance.  Some  of  those  from  the  Devonian  rocks  appeared 
to  be  identical  with  species  found  in  North  America.  From  the  remains  of  one  of 
these,  which  he  could  not  separate  from  one  described  by  Dr.  Dawson,  LeptopMamt 
rhombieuiHj  he  had  been  able  to  reconstruct  it  in  its  entirety,  of  which  he  exhibited  a 
drawing.  The  plant  was  lycopodiaceous,  and  its  remains  served  to  show  that  er- 
roneous conclusions  had  been  dniwn  as  to  the  characters  presented  by  the  North 
American  specimens,  which  had  been  regarded  as  having  a  Si^mberg\a'^ix\i.  There 
were  specimens  also  of  Cyclottigma^  of  the  stipes  of  ferns,  and  of  a  doubtful  Calamite. 
With  regard  to  the  supposed  Gloatopteris-  and  TVfMi'op^^'rw-epoclis,  which  by  some 
had  been  regarded  the  one  as  Palieozoic  and  the  other  as  Mesozoic,  he  was  not  con- 
vinced that  thcv  could  be  distinctly  separated,  but  thought  rather  that  they  might 
both  belong  to  different  portions  of  one  great  period.  Systematically  the  two  forms 
might  be  vm'  closely  related,  the  venation  of  the  fronds  on  which  the  genera  are 
founded  occurring  in  two  forms,  which  by  Linnieus  had  been  included  in  one  genus, 
Acrostichim.     lie  thought  that  neither  was  of  a  date  earlier  than  Permian. 

Mr.  Smyth  regretted  that  so  many  questions  were  brought  forward  in  the  paper 
that  it  was  almost  impossible  to  follow  the  whole  of  them.  The  connexion  of  the 
gold-bearing  reefs  with  the  igneous  rocks  seemed  to  him  very  remarkable.  It  had  in 
fcumer  times  been  supgustod  that  there  was  some  limitation  of  auriferous  deposits  to 
Paheozoic  rocks,  and  he  wished  to  know  whether  the  author's  observations  corrobo- 
rated sueh  a  view,  which  appeared  to  him  problematical.  He  comn-ented  on  the 
value  of  foreign  collections  of  fossils  such  as  that  exhibited,  and  called  attention  to 
the  rich  stores  of  that  kind  preserved  in  the  museum  of  the  Society,  which  would  be 
found  of  great  assistance  by  any  one  studying  the  geology  of  Australia. 

Mr.  Daintree,  in  replv,  stated  that  in  the  West  Maitland  beds  (rhsfopfrrit  was 
found  distinctly  underlying  beds  containinj?  Spiriftra  and  other  distinctly  Carbon- 
iferous species.  He  had  no  doubt  of  Glos^optais  being  in  Queensland  n  purely 
pal}i'(»lithie  form.  He  had  been  unable  to  trace  any  igneous  action  whatever  over  the 
Avhole  of  the  cretaceous  plains  to  the  westwanl ;  and  the  absence  of  igneous  or 
metamorphic  rocks  was  further  proved  by  the  natives  having  to  obtain  the  materials 
for  tlieir  tomahawks  bv  exchange  from  those  nearer  the  coast.  In  the  proximity  of 
the  dvkes  he  had  not  fl)und  any  signs  of  alteration  of  structure  ;  but  the  occurrence 
of  gold  in  the  D(!Vonian  area  was,  according  to  his  experience,  limited  to  the  close 
neigh])ouriioo(l  of  the  dykes. 

The  Chairman  remarked  on  the  Desert  Sandstone,  and  pointed  out  that,  though  ap- 
parently of  such  importance,  the  amount  of  geological  time  it  represented  was  but 
small.  The  changes,  however,  of  which  it  bore  evidence  since  Miocene  times,  were 
enough  to  strike  the  mind  with  ast^Jiiishment,  and  to  convey  some  ide^  of  the  great 
variations  in  the  physical  features  of  the  surface  of  the  worldj  oven  within  the  period 
during  which  possibly  the  human  race  had  existed. 
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I. — AOOOUNT  OF  AN  EXPEDITION  TO  QbEENLAND  IN  THE  TEAB  1870. 

By  Prof.  A.  E.  Nordbnikiold, 
Foreign  Correspondent  Geol.  Soo.  Lond.,  etc.,  etc.,  etc. 

Part  I. 

(PLATE  VII.) 

TfTFi  information  gained  by  us  during  the  first  three  Swedish  ex- 
peditions to  Spitzbergen  having,  either  directly  through  our 
own  experience,  or  indirectly  through  conversation  with  most  of  the 
intelligent  and  bold  whalers  and  walrus-hunters  of  Northern  Norway, 
fully  confirmed  the  observations  of  Scoresby,  Phipps,  Tschitschagoff, 
Parry,  Buchan,  Franklin,  Clavering  and  others,  respecting  the  im- 
possibility of  penetrating  by  ship  during  the  summer  through  the 
crowded  ice-masses  to  the  north  of  Spitzbergen,  far  beyond  the  80th 
degree  of  latitude,  an  Arctic  Expedition  was  sent  out  from  Sweden  in 
1868,  having  for  its  object,  among  other  things,  to  renew  during  the 
autumn  months  the  attempt  to -sail  towards  the  pole  from  the 
northern  coast  of  Spitzbergen.    I  have,  in  a  report  *  of  the  expedi- 
tion of  1868,  given  a  brief  account  of  the  result  of  that  undertaking, 
which  showed  that  even  at  that  period  of  the  year,  when  the  water 
is  most  free  from  drifl-ice,  the  polar  basin,  at  least  to  the  north  of 
Europe,  and  doubtless  also  to  the  north  of  America  and  Asia,  is  so 
full  of  drift-ice  that  all  possibility  of  passing  through  it  in  a  ship  is 
oat  of  the  question. 

This  unsuccessful  attempt  did  not,  however,  diminish  the  interest 
in  Sweden  for  the  polar  question,  but  seemed,  on  the  contrary,  to 
excite  to  new  exertions  in  the  same  direction.  Almost  immediately 
on  the  return  of  the  expedition  (1868),  preparations  were  set  on  foot 
in  Gothenburg  to  collect  the  necessary  means  for  a  new  polar  expedi- 
tion, the  object  of  which  was  to  proceed  during  winter  from  the 
Seven  Islands  by  sledge  towards  the  Pole,  and  in  less  than  a 
year  the  amount  considered  necessary  for  the  purpose  was  collected. 
It  was  our  intention  to  use  Greenland  Esquimaux  dogs  for  the 
proposed  sledge-journeys.  I  determined,  however,  first  personally 
to  convince  myself  of  the  applicability  of  these  animals  as  beasts  of 
draught,  and  of  the  possibility  of  obtaining  a  suflScient  number,  and 
1  Prooeedingi  of  Royal  Geogr.  Soo.,  xiiL,  No.  iii.,  p.  151  ^l^^^y 


290  Trof.  Nordeiukidld — Expedition  to  Oreenland. 

this  gave  occasion  to  the  expedition  to  Greenland,  which  forms  the 
subject  of  the  present  description.  But,  before  specially  entering 
upon  this  subject,  I  take  the  opportunity  to  offer  a  few  brief  obeerra- 
tions  on  the  many  suggestions  that  have  been  made  and  disouBsed  by 
geographers  concerning  the  most  practicable  way  of  approaching  the 
Pole,  and  thus  explain  more  in  detail  the  reasons  for  the  choice  made 
by  us  of  the  proposed  starting-point,  plan,  etc,  of  our  expeditaon. 

The  real  polar  basin  north  of  the  80th  degree  may  be  approabhed 
by  the  following  ways  :— 

1st. — Way  to  the  eiut  of  Spttzhergen. — ^Petermann  has  proposed  that 
an  attempt  be  made  to  pass,  hy  ship,  through  the  broad  channel  that 
separates  Spitzbergen  from  Nova  Zembla. 

Bespecting  the  condition  of  that  sea  {**  Spitzbergen  Sea,"  Peter- 
mann),  as  regards  ice,  we  are  in  possession  of  numerous  observations, 
made  partly  by  older  polar  travellers,  or  rather  searchers  after  a 
north-east  passage ;  partly  by  the  expeditions  repeatedly  sent  to  that 
part  by  the  Russian  Gk>vemment;  and  lastly  by  sundry  Gkrman, 
Engli^,  and  e^cially  Norwegian  hunting  and  fishing  expeditions 
of  late  years.  These  observations  all  agree  that  an  unbroken  ice-belt 
extends  between  these  islands,  at  least  as  far  as  the  78th  or  79th 
degree  of  latitude,  leaving,  in  favourable  years  only,  a  broad  channel 
running  to  80^,  partly  along  the  east  coast  of  Spitzbergen,  and  partly 
along  the  western  coast  of  Nova  Zembla. 

How  difficult  it  is,  east  of  Spitzbergen,  to  reach  as  far  as  80^,  is 
evidenced  by  the  circumstance  that  out  of  all  the  many  attempts  that 
have  been  made  to  sail  round  Nova  Zembla,  only  one  has  succeeded, 
viz.,  Johannessen's  remarkable  voyage  in  the  summer  of  1870.^ 
Norwegian  fishermen  from  the  south,  though  attracted  by  a  rich 
booty,  have  never,  on  the  eastern  coast  of  Spitzbergen,  reached  S(P, 
and,  although  one  might  probably  on  the  western  coast  reach  the 
Seven  Isles  every  year,  the  passage  round  the  north-eastern  ex- 
tremity to  the  Thousand  Isles  has  only  once  been  successfully 
attempted,  and  even  then  >vith  the  hazard  of  being  driven  by  the 
adjacent  ice-fields  upon  the  steep  glaciers  of  the  north-east  land, 
and  there  crushed,  as  happened  in  1864  to  three  fishing  vessels.  It 
is  therefore  utterly  impossible  to  proceed  by  ship  in  this  direction, 
nor  does  either  Nova  Zembla,  or  the  eastern  coast  of  Spitzbergen,  or 
the  as  yet  but  little  known  Gillies  Land,  offer  any  easily  accessible 
starting-point  for  sledge-journeys,  situated  sufficiently  north.  This 
course  is  then  hardly  to.  be  thought  of  for  a  polar  expedition  with 
any  prospect  of  success. 

2nd. — The  way  along  the  eastern  coast  of  Greenland^  also  ardently 
urged  by  reterinann.  Numerous  expeditions — of  which  only  a  few 
have  been  able  to  penetrate  the  ice  so  as  to  approach  the  coast,  and 
only  two,  viz.  Clavering  and  Sabine's  in  1823,  and  the  German  polar 
expedition  of  1869-70,  reached  7o°-76° — have  made  known  that 
portion  of  the  Arctic  Ocean ;  and  we  know  that  the  sea  here,  even  at 

^  This  was  written  in  December,  1870.  The  expedition  of  the  last  Bttmmer  aeenu  to 
me  wholly  to  confiim  the  result  of  the  older  expeditions,  but  by  no  means  to  prore 
the  existence  of  an  open  polar  sea  exlea<din^  V>  ^«  l^o\«. 
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*  lat,  is  more  impaflsable  than  at  a  corresponding  latitude  in  any 
er  part  of  the  northern  hemisphere.     A  broad,  almost  always 
iiely-crowded,  stream  of  ice  is  constantly  carried  down  by  the  north 
ar  stream,  not  only  along  the  whole  eastern  coast  of  Greenland, 
9  daring  a  great  part  of  die  year,  past  Cape  Farewell  a  consider- 
e  distance  into  Davis  Strait.    Among  the  many  empty  reasons 
m  adduced  for  the  existence  of  an  open  polar  basin,  this  stream 
Jso  appealed  to,  by  which  it  is  alleged  that  the  ice  in  the  polar 
in  must  shortly  be  carried  down  into  the  Atlantic.    A  simple 
iparison  of  the  extent  and  velocity  of  the  ice-stream  with  the 
a   of  the  polar-basin  is  8u£Scient  to  show  the  futility  of  this 
:ument     If  we  suppose  the  entire  limit  of  the  stream  to  lie  in 
west  longitude  from  Oreenwich,  its  breadth  will  be  about  200 
es.     With  a  velocity  of  four  miles  a  day — (the  (German  expedi- 
1,  1869-70,  after  the  wreck  of  the  "  Hansa,"  drifted  about  600 
ee  southward  in  200  days) — ^by  this  process  about  100,000  squisire 
ies  would  be  removed  from  the  polar  basin  during  June,  July, 
gust,  and  September ;  that  is  to  say,  in  the  course  oi  the  months 
ing  which  new  ice  is  not  forming  in  the  polar  basin,  an  area 
ich  does  not  constrtute  the  tenth  part  of  that  basin  north  of  80^. 
rhe  following  enumeration  of  the  attempts  which  have  been  made 
penetrate  to  the  eastern  coast  of  (Greenland  fully  shows  the 
iculties  met  with  in  this  part  of  the  polar  basin. 
r9.^     Jakob  Allday  was  sent  out  by  the  Danish  King,  Frederick 
n.,  to  rediscover  Greenland,  advanced  so  far  as  to  see  the  east 
coast,  but  returned,  as  the  ice  nowhere  permitted  him  to  land 
(Rink). 
B8  (1581  Rink,  1578  Graah).     Mogens  Heinesen  was  sent  to  re- 
discover Greenland  for  ihe  benefit  of  Denmark,  but  returned 
without  having  been  able  to  land. 
}5.     A  new  Danish  expedition  was  sent  out,  under  Gk)dske 
Lindenow,  and  reached  a  harbour,  probably  on  the  south-western 
part  of  the  coast  (Rink). 
07.     Carsten  Richardsen  was  sent  out  to   Greenland,  but  was 

everywhere  prevented  by  ice  from  landing. 
D7.     H.  Hudson  reaches  ihe  eastern  coast  of  Greenland,  at  73^^ 

latitude. 
52 — 54.  Three  expeditions,  provided  by  H.  Moller,  and  com- 
manded by  David  Danel.  These  expeditions  sailed  along  a 
considerable  part  of  the  west  coast  of  Greenland,  and  had 
nearly f  but  only  nearly,  succeeded  in  landing  on  the  east  coast. 
70.  A  Danish  expedition,  sent  out  under  Otto  Axelsen.  The 
expedition  returned  without  accomplishing  its  object ;  hindered, 
in  aU  probability  by  drift-ice  from  landing  on  the  eastern  coast. 

In  thii  account,  in  which  I  have  principally  confined  myself  to  the  last  generally 
>wn  Danish  expeditions,  because  their  especial  object  was  to  reach  East  OreenUma, 

aTe  followed  partly  W.  A.  Graah,  UnderaoffeUes-^ite  Hi  Oatkytten  nf  OrbtUamd, 
9henhafh,  1882,  and  partly  H.  Rink,  whose  excellent  wotVl,  i\c\A^  ^Xoni^'m^ 
errations,  **  Ormland,  peographiik  oeh  statittiak  beakrtnti^*  Z  D^W.  XjobtnKajn^ 
}%-1837, 1  bBve  frequentij  miide  use  of  in  this  aocdunt. 
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1671.  A  new  expedition,  sent  out  under  the  same  pereon.  Tlie 
expedition  never  retomed,  being  most  probably  wrecked  amidit 
the  drifting  ice, 

1751 — 1753.  Peder  Olsen  Valloes'  remarkable  expedition  in  an 
''  umiak  "  (Greenlandish  boat  rowed  by  women)  from  the  w«8t 
coast  round  Cape  Farewell,  in  which  he,  in  spite  of  a  thoPMnd 
difficulties  amidst  ihe  crowded  ice-masses,  succeeded  in  retch- 
ing 60°  28^ 

1786—1787.  Expeditions  under  LoYcnom^  Egede,  and  Bodie  en- 
deavoured to  penetrate  from  Iceland  to  east  coast  of  Greenland, 
but  could  only  see  its  lofty  hilb  at  a  distance.  The  land  being 
rendered  quite  iuacoessible  by  ice. 

1819.  Scoresby  succeeded  in  reaching  the  east  coast  of  Gk'eenland, 
which  during  his  many  years  of  whaling-voyages  he  hid 
always  previously  foand  completely  blockaded  by  ice. 

1823.  Sabine  and  Clavering  sail  from  Spitzbergen  to  the  eastern  ooait 
of  Greenland,  which  they  reach  in  latitude  74^ — 75*^. 

1828 — 1831.  Graah's  journey  round  Cape  Farewell,  in  a  **  kone- 
boad."  He  succeeded  with  great  difficulty  in  reac^ng  65^  15' 
N.L.  His  account  of  his  journey,  which  Dr.  Petermann  ad- 
duces as  evidence  that  the  east  coast  is  free  from  ioe,  gives  lu 
clearly  to  understand,  that  it  is  only  under  very  unusually 
favourable  circumstances  that  a  ship  can  make  its  way  in  these 
parts  through  the  packed  ice-masses. 

1868.  Dr^  Petennann*8  expedition,  under  Capt  Koldewey,  strenu- 
ously but  vainly  endeavoured  to  approach  the  eastern  coast  of 
Greenland. 

1868.  The  Scottish  whaler  David  Gray  iinds  thd  east  coast  of 
Greenland  free  from  ice  at  74*^  N.L. 

1868.  The  Swedish  Polar  expedition  endeavours  twice  to  approach 
the  eastern  coast  of  Greenland  to  the  north  of  the  78th  degree, 
but  was,  in  the  longitude  of  Greenwich,  hindered  by  impene- 
trable masses  of  ice  from  proceeding  farther  towards  the  east. 

1869.  The  second  German  Polar  expedition  under  Koldewey  and 
Hegemann.  One  ship  lost  in  70^  SCK  N.L,  among  the  ice- 
masses  on  the  eastern  coast,  and  the  brave  crew  borne  down 
among  the  densely  packed  ice-masses  to  the  southern  extremity 
of  Greenland.  The  other  ship  reaches  land  at  75® — 76®,  but 
finds  the  ocean  to  the  north  completely  blockaded  by  ice. 

When  we  consider  that  all  the  Danish  expeditions  were  under- 
taken with  the  expectation  of  recovering  almost  a  northern  Eldorado, 
which  (as  they  imagined)  had  formerly  been  every  year  sailed  over 
in  frail  Vikings'  vessels, — and  that  these  expeditions  were  conducted 
by  efficient  seamen  well  practised  in  their  work  by  expeditions  to 
Iceland  and  Finmark,  at  a  time  when  not  only  Dutchmen  and 
Englishmen,  but  also  the  Danes  themselves,  in  other  parts  of  the 
polar  regions,  had  penetrated  so  far  that  even  up  to  the  present  time 
in  many  places  no  farther  advance  has  been  mcule, — their  repeated 
&ilures  must  sqrely  prove,  not  only  the  impossibility  of  reaching 
"  9  Pole  by  this  course,  but  also  tUe  wa^\.tv^«a  ot  Eaat  Greenland  as 
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the  BtartlDg-poittt  for  sticb  espeditions,  t^hether  the  object  be  to 
attain  the  Fole  on  board  ship,  or  in  a  boat,  or  by  dogs,  or  any  other 
method  of  conyeyance. 

drd«  The  way  through  Behring^8''8trait,  proposed  by  Qnstaye  Lam- 
bert. The  waters  north  of  Behring's-strait  are  one  of  the  least  known 
parts  of  the  Arctic  Ocean ;  it  is,  however,  known  that  the  saUor  is 
there  met  by  impassable  ice-masses  in  a  latitude  where  to  the  north 
of  Europe  scarcely  any  signs  of  ice  are  met  with,  even  in  the  midst 
of  winter,  and  that  only  a  most  unusual  occurrence  made  it  once 
possible  for  a  whaler  in  these  parts  to  reach  73^  Sff  NX.  To 
choose  this  course  for  an  expedition  towards  the  Pole  would  therefore 
be  contrary  to  all  reason ;  and  when  the  proposer  of  this  plan,  in  a 
public  lecture,  stated  that  it  might  be  confidently  expected  in 
France  that  the  Tricolour  would  be  waTing  at  the  North  Pole  of  the 
Earth  by  the  time  the  news  of  the  expedition's  arrival  at  the  Sand- 
wich Isles  should  reach  Paris,  it  showed  but  a  sony  acquaintance 
with  the  state  of  the  Polar  Seas — ^unless,  indeed,  we  are  to  consider 
the  words  as  a  mere  rhetorical  phrase.  Nevertheless,  it  may  be 
adduced  as  one  among  various  reasons  that  might  be  given  for  an 
Arctic  (not  Polar)  expediticm  to  these  parts,  that  here,  in  the  narrow 
strait  between  the  old  and  new  wcHrlds,  so  many  circumstances  are  as 
yet  unexplored  in  natural  history,  geology,  ethnography,  and  geo- 
graphy, that  such  an  expedition,  even  if  unable  to  proceed  to  the 
oOth  degree,  would  probably  furnish  important  scientific  results,  and 
greatly  extend  our  knowledge  of  the  wonderful  kingdom  of  nature  than 
a  polar  expedition  following  any  other  of  the  possible  routes  (over 
Spitzbergen  or  Snuth's  Sound),  even  if  that  expedition  were  crowned 
with  perfect  success.  But  if  an  expedition  to  Behring's  Straits  is  to 
be  of  any  value,  it  is  an  indispensable  condition  that  it  be  manned, 
not  with  curious  and  adventurous  tourists,  but  with  men  fully  com- 
petent for  scientific  research. 

4th.     The  way  over  Spitzhergen,  and 

5th,  that  over  Smith's  Sound, — These  routes  have  been  recom- 
mended by  English,  American,  and  Swedish  polar  voyagers,  and  as, 
in  my  opinion,  it  is  only  by  choosing  one  or  other  of  them  as  a  start- 
ing-point that  any  prospect  of  attaining  the  proposed  end  can  be 
entertained,  and  as  moreover  the  advantages  they  each  offer  are  in 
geneial  of  the  same  kind,  I  shall  accompany  this  reference  to  them 
by  a  few  short  remarks  on  them  in  common. 

The  name  '*  Polynia/'  imported  from  Siberia,  has  unfortunately 
]m>duced  a  very  considerable  confusion  of  ideas  in  geographical 
science.  In  the  first  place,  Polynia  has  been  erroneously  interpreted 
as  a  sea  free  from  ice  and  accessible  to  ships,  whereas,  on  the  con- 
trary, that  word  signifies  sometimes  a  sea  covered  with  broken  ice 
(but  not  on  that  account  navigable),  sometimes  a  greater  or  smaller 
opening  in  an  ice-field  produced  by  accidental  circumstances.  Again, 
contrary  to  all  real  experience,  the  whole  polar  basin  has  been 
declared  navigable  simply  because  the  famous  Russian  polar  ex- 
plorer, Wrangel,  found  a  Polynia  some  miles  north  of  the  northern 
coast  of  Sibena,  in  about  the  latitude  of  Koithi  Ca^,  «sA  %\/^h««s\*^ 
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in  an  Amerioan  polar  expedition,  (as  we  now  know  through  Petersen's 
more  critical  description,)  gave  a  very  exaggerated  aoeonnt  of  a 
larger  opening  in  the  ioe  in  a  part  of  the  Polar  Sea  situated  to  the 
north  of  Smith's  Sound,  which  nevertheless  was  not  aooessible  even 
to  a  boat  from  the  adjoining  Rensselaer  Harbour.  In  the  observs- 
tions  of  Wrangel,  Kime,  and  Morton,  I  cannot  discover  any  signs 
of  a  reason  for  assuming  the  existence  of  an  open  Polar  Sea.  It 
is,  however,  of  importance  in  fitting  out  such  expeditions  as  en- 
deavoiu:  to  approach  the  Pole  on  the  iee  by  sledge,  inasmudi  as 
it  shows  that  one  cannot,  even  in  the  midst  of  winter,  reckon  on  in 
unbroken  field  of  iee.  The  travellers  in  Uiese  sledge-joumeys  will 
thus  be  obliged  to  take  with  them  a  boat  of  sufficient  dimensions  to 
contain  the  whole  company,  and  so  light  as  not  too  much  to  limit 
the  number  of  days  for  which  they  can  carry  provisions.  This  cir- 
cumstance renders  it  necessary  to  choose  for  starting-point  an  easily 
accessible  spot  situated  as  iax  north  as  possible ;  and  a  glance  at  ths 
terrestrial  globe  shows  us  that  only  two  points  can  be  thought  of 
for  such  a  purpose,  viz.  the  normem  coast  of  Spitzbergen,  and 
the  most  northerly  part  of  the  west  coast  of  Greenland,  or  per- 
haps rather  the  corresponding  part,  Qrinnel-laad,  situated  on  the 
other  side  of  the  narrow  Smith's  Sound.  Each  of  these  routes 
has  its  advantages.  Spitzbergen  lies  near  Europe,  and  is  accessible 
all  the  year  up  to  a  latitude  somewhat  exceeding  80^,  and  one  can 
almost  every  year  sail  over  a  sea  free  from  ioe  even  north  of  die 
Seven  Islands. 

An  expedition,  with  the  north  coast  of  Spitzbergen  for  its  base, 
might  then  choose  as  its  starting-point  a  spot  situated  veiy  con- 
siderably nearer  the  Pole,  than  if  it  set  out  from  Smith's  Sound, 
where  it  is  hardly  possible  to  reckon  on  penetrating  by  ship  much 
beyond  78^.  This  advantage  on  the  side  of  Spitzbergen  is  however, 
in  a  great  measure,  if  not  wholly,  counterbalanced  by  the  circum- 
stance, that  in  proceeding  from  Smith's  Sound  one  advances  for  a 
considerable  distance  with  land  alongside,  an  immense  advantage 
in  the  establishment  of  depots,  etc.,  as  also,  though  perhaps  in  a  less 
degree,  by  the  fact  that  the  coasts  at  Smith's  Sound  are  inhabited 
by  an  Esquimaux  tribe,  which,  although  now  since  its  contact  with 
Europeans  thinned  and  dying  out,  can  nevertheless,  in  spite  of  its 
helplessness,  during  the  long  and  dangerous  winter  night,  offer  an 
assistance  to  an  expedition  that  is  to  pass  the  winter  there,  which 
can  hardly  be  compensated  by  any  outfit  from  home,  though  designed 
with  all  the  aids  of  civilization.  For  an  expedition  that  can  com- 
mand unlimited  pecuniary  means,  that  is  furnished  with  provisions 
for  several  years,  and  can  afford  to  lose  one  or  two  of  its  ships  in 
attempting  to  advance  to  winter  quarters  north  of  Rensselaer  Harbour, 
I  conceive,  therefore,  that  this  route  may  be  preferable.^     But  with 

^  An  expedition  sent  from  Ameriea  or  England  over  Smith*i  Sound  ought  un- 
doubtedly to  have  at  its  disposal  several  ships  provided  with  steam,  one  large  vessel, 
which  should  never  proceed  to  parts  from  which  it  cannot  with  safety  return,  and 
several  siiialler  (60  to  100  tons),  which  at  different  times  and  by  different  routes 
should  cnde&youx  separately  to  advance  t\iioug\i  tVe  v«,«ft««TO,ixL  cate  of  wreck,  of 
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the  means  at  the  disposal  of  the  Swedish  expedition,  Spitzbergen 
ought  to  be  chosen  as  the  starting-point,  more  especially  as  we  are 
thus  enabled  to  lay  the  last  stone  upon  a  series  of  researches  carried 
on  during  the  course  of  several  years  concerning  the  physical  con- 
dition and  natural  history  of  Spitzbergen. 

These  are  the  considerations  to  which  most  weight  has  been  as- 
signed in  devising  the  plan  of  the  Swedish  expedition,  which  is  to 
proceed  to  the  north  in  1872.  It  is  intended  that  the  expedition 
shall  consist  of  three  or  four  scientific  men  (among  whom  are  to  be 
a  natural  philosopher  and  a  zoologist,  the  latter  for  the  study  of 
marine  animal  life  during  the  winter),  with  the  necessary  crew,  and 
that  it  shall  pass  the  winter  in  a  cot  erected  for  the  puipose,  if 
possible,  on  the  Seven  Isles,  with  a  magnetic  observatory,  store- 
house, eta  From  this  point  the  expedition  is  to  make  during  the 
latter  part  of  the  winter  sledge-journeys  northward,  and,  if  the  time 
admit  of  it,  eastward  toward  Gillies  Land.  But  it  will  be  time  to 
communicate  further  notices  of  this  proposed  polar  colony,  its  com- 
position, preparations,  etc.,  when  it  is  in  possession  of  that  of  which 
it  is  as  yet  destitute — the  interest  of  a  fait  aecomplu  I  therefore 
proceed  to  a  description  of  this  summer's  journey  to  Greenland, 
undertaken,  as  has  been  already  mentioned,  as  preparatory  to  the 
polar  expedition  itself,  occupying  myself  less  with  our  own  ad- 
ventures,  which  for  the  public  in  general  are  but  of  little  interest, 
than  with  giving  an  account  of  the  scientific  results  obtcdned. 

Greenland  is  not  only  the  first  land  discovered  in  the  new  world, 
but  it  is  the  oldest  European  colony  on  the  other  side  of  the  Atlantic, 
which,  ever  since  its  first  planting,  near  a  thousand  years  ago  by 
Norse-Ioelandic  Vikings,  has  constantly,  though  for  a  time  forgotten, 
belonged  to  the  same  mother-land;  and  it  is  honourable  to  that 
mother-land  that  the  wild  tribes,  which  for  a  while  after  the  founda- 
tion of  the  colony  came  in  contact  with  the  colonists,  have  not  been 
brought  into  that  degraded  condition  indicative  of  speedily  impend- 
ing extinction  which  is  the  case  with  the  original  inhabitants  of 
many  other  lands  visited  by  European  civilization.  The  Green- 
ianders,  on  the  contrary,  seem  to  be  in  a  fair  way  of  development 
to  a  small  peculiar  nationality,  which  is  in  a  certain  degree  acquiring 
the  culture  of  the  Caucasian  race.  Already  almost  every  West- 
Greenlander  can  read  and  write;  a  number  of  small  works,  not 
only  on  religion,  but  on  history,  geography,  and  natural  history, 
are  printed  in  Greenlandish ;  and  a  Greenlandish  newspaper,  which 
in  respect  of  typography  may  vie  with  most  of  the  European  popular 
newspapers,  is  printed  at  G^dthaab. 

Greenland,  as  is  known,  belongs  to  Denmark,  but  is  not  governed 
by  the  ordinary  state  authorities,  but  by  a  Trading  Directory  (origin- 

the  possibility  of  returning  to  the  depot-ship.     Should  any  of  these  small  vessels  suc- 
oeed  in  reaching  an  anchoring-place,  e.g.  m  81**  lat.,  the  success  of  the  expedition 
would  be  much  better  secured  than  if  the  large  vessel  wintered  in  say  79°  lat. ; 
lad  if  one  of  the  small  vessels  should  be  lost,  the  lou  ia  com^tx^^^^V^  \3S&^:&%. 
Such  an  event  need  not  be  accompanied  by  loss  of  life. 
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ally  a  private  trading  oompany),  which  has  for  its  object  to  trade 
with  the  inhabitants  for  the  benefit  of  the  Danish  state,  that  is  io 
say,  to  buy  up  at  certain,  often  merely  nominal  prices,  train  oil,  akins, 
down,  and  other  of  Qreenland's  hunting  and  fishing  prodootionB, 
and  to  supply  the  Greenlanders  with  European  wares  instead,  many 
of  which,  as  for  example  firearms,  ammunition,  coffee,  sugar,  bread, 
haye  long  been  necessaries  to  the  inhabitants.  The  chief  manage- 
ment of  the  Greenland  trade  is  confided  partly  to  certain  Directors 
residing  at  Copenhagen,  partly  to  two  resident  Inspectors  immedi- 
ately appointed  by  the  ministry.  Under  these  are  at  present  eleven 
Colonial  Governors  resident  in  Greenland  ( Julianshaab,  Fredrikshaah, 
Godthaab,  Sukkertoppen,  Holsteinsborg,  in  the  inspectorate  of  South 
Greenland;  and  Godhavn,  Egedesminde,  Jakobshavn,  Bitoibenk, 
Omenak,  Upernivik,  in  the  inspectorate  of  North  Greenland).  To 
aid  the  Colonial  Governors,  they  have  ''assistants" and  "volunteers" 
(aspirants  to  the  place  of  colonial  governor),  as  also  "emissaries" 
("  utliggare ").  lliese  last-mentioned  offices  are  sometimes  given 
to  Greenlanders,  the  others  exclusively  to  Danes.  There  azB  also 
in  every  colony  some  Danish  artisans. 

The  shipping  business  in  Greenland  is  carried  on  by  the  Oieenland 
trade  in  the  Company's  own  ships,  which,  as  the  cabins  are  fitted  up 
to  receive  three  or  four  passengers,  offer  a  cheap  though  slow  passage. 
The  time  of  stalling  from  Copenhagen  is  from  the  month  of  April 
to  June,  and  all  the  vessels,  unless  hindered  by  ice,  as  sometimes 
happens  in  the  harbours  of  South  Greenland,  return  in  the  autumn, 
usually  in  the  middle  or  at  the  latter  end  of  September.  A  few 
of  the  ships,  that  have  sailed  earliest,  return  however  in  July,  so 
as  to  make  a  second  journey  during  the  summer.  The  passage  out 
usually  occupies  five  to  eight,  the  return  voyage  three  to  six  weeks. 

In  the  veteran  ship  of  the  company,  the  brig  "  Hvalfisken,"  com- 
manded by  Captain  Sejstrup,  the  Swedish  expedition  departed  from 
Copenhagen  on  the  15th  of  May,  187CL  My  original  intention  was 
only  to  make  a  short  visit  to  Greenland,  in  order  to  take  some  steps 
preparatory  to  the  contemplated  polar  expedition.  I  was  however 
but  little  inclined  to  consecrate  the  whole  summer  to  that  purpose, 
and  determined  accordingly,  with  the  permission  of  one  of  the  most 
liberal  patrons  both  of  the  preceding  and  the  coming  expeditions, 
Mr.  Oscar  Dickson,  to  expand  the  tour  to  Greenland  into  a  little 
unpretending  expedition,  having  for  its  object  not  only  to  make 
preparations  for  the  future  polar  expedition,  but  also  to  carry  on  such 
researches  in  natural  history,  geology  and  geography  as  might  be  of 
importance  in  arranging  the  collections  and  observations  made  at 
Spitzbergen.  For  this  reason  the  number  of  members  of  the  new 
expedition  was  increased   to  four,   including,  besides  myself.  Dr. 

Sv.  Berggren  from  Lund,  also  Dr.  P.  Oberg  and  Dr.  Th.  Nordstrdm 
from  Upsala. 

Our  plan  was,  on  arriving  in  Greenland,  to  set  in  order  and  com- 
pletely man,  either  with  Danes  or  natives,  two  whale-boats.  Witli 
one  of  these  Dr.  Nordstrom  *  and  I  were  to  penetrate  into  Auleitsi- 

''  During  the  voyage  oyer  Dr.  Noidstrbm  csoi^t  ta^  c^^^'^iVAf^fniinsiately  wai  not 
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vikfjordy  never  previously  visited  by  Europeaiii  and  up  to  the 
present  time  not  mapped;  afterwards,  for  the  purpose  of  geo- 
graphical investigations,  and  especially  for  collecting  fossil  plants, 
we  were  to  go  round  the  shores  of  the  Waigat,  Disko  Bay  and  Ome- 

nakQord.  Dr.  Oberg  and  Dr.  Berggren  were,  on  the  other  hand, 
to  travel  in  their  boat  round  Disko  Bay,  and  collect  contributions  to 

its  flora  and  fauna.  Oberg  W6U9  for  this  purpose  furnished  with 
abnndant  zoological  apparatus. 

The  undertaking  excited,  as  usual,  much  interest  at  home.  His 
Swedish  Majesty's  fleet,  among  other  things,  provided  the  expedition 
with  the  necessary  apparatus  for  sounding,  and  the  Hoyal  Academy 
of  Science  in  Stockholm  lent  chronometers,  astronomical  instru- 
ments, etc 

In  the  earlier  times  of  communication  with  Greenland,  the  passage 
out  was  united  with  great  difficulties,  owing  to  the  quantities  of 
drifting  ice  met  with  in  doubling  Gape  Farewell ;  experience  how- 
ever forwards  showed  that  this  inconvenience  might  be  almost 
entirely  got  rid  of  by  entering  Davis  Strait  between  57|°  and  58|^ 
N.L.,  ^t  is,  at  least  1^  or  2^  south  of  that  dangerous  headland, 
vdiich  few  of  the  Oreenland  travellers  of  our  time  have  ever  seen, 
and  by  this  means  one  may  in  the  spring  sail  up  to  North  Oreen- 
land from  Denmark,  not  indeed  without  now  and  then  fetching  a 
compass  on  account  of  the  ice,  but  without  being  exposed  to  any 
TCiy  much  greater  risk  than  in  other  channels  free  from  ice.  On 
the  present  occasion  also  the  "  Hvalfisk  "  made  that  (by  long  ex- 
perience) approved  circuit,  and,  after  four  weeks'  voyage,  reached  the 
longitude  of  Cape  Farewell.  Here  we  were  exposed  to  a  very 
Tiolent  storm,  during  which  the  ship  was  obliged  to  lie  to  nearly 
a  fortnight,  afterwards  north  of  60*^  lat  we  were  further  obliged 
to  make  a  number  of  delaying  circuits,  to  avoid  the  ice  driven  by 
the  storm  to  the  mouth  of  the  Strait  In  consequence  of  this,  our 
Toyage  out  occupied  about  eight  weeks.  In  fact,  we  landed  on  the 
2nd  of  July  at  Godhavn,  originally  a  Danish  whalers'  station,  now, 
since  the  Danish  whale-fisheries  have  been  discontinued,  one  of  the 
minor  Danish  colonies  in  that  tract,  but  still,  in  consequence  of  its 
central  position  and  of  old  custom,  the  seat  of  the  principal  magis- 
tracy in  North  Greenland,  the  Inspectorate  of  North  Greenland. 

Hudson,  and  other  veteran  mariners  of  the  Arctic  seas,  mention 
the  variety  of  colours  that  distinguish  the  water  in  certain  parts  of 
the  polar  sea,  which  are  frequently  so  sharply  distinguished  that  a 
ship  may  sail  with  the  one  side  in  blue  and  the  other  in  greyish- 
green  water.  It  was  at  first  supposed  that  these  colours  were  indi- 
cations of  different  currents — the  green  of  the  Arctic,  the  blue  of 
the  Gulf-stream.  Later,  Scoresby  affirmed  that  the  phenomenon  arose 
from  the  presence  of  innumerable  organisms,  which  he  seems  to  have 
considered  as  Crustacea,  in  the  water.     This  observation  has  since 

of  long  duration,  bnt  hindered  him  from  taking  part,  as  bad  been  intended^  in.  i]ii<^ 
jonniey  on  the  ice.    His  place  was  supplied  by  Berggren,  vr\iO  «y(^cot^^\^^  %Kncs^- 
pudad  me  to  Attldtdrik, 
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been  oontinued,  partly  by  the  former  Swedish  arotic  expedition,  and 
partly  by  Dr.  Brown/  during  the  voyages  made  by  him  in  the  arotic 
seas  as  Surgeon  in  a  whaler,  and  as  a  member  of  Whymper's  ex- 
pedition. We  also  endeavoured  to  divert  the  tedious  monotony  oi 
the  voyage  by  observations  on  this  phenomenon. 

The  sea-water  in  the  neighbourhood  of  Spitzbergen  is  marked  by 
two  sharply  distinguished  colours — ^greyish-green  and  fine  indigo 
blue.  In  the  Greenland  seas  we  also  find  water  with  a  very  dedded 
shade  of  brown.  These  colours  are  seen  most  pure  if  one  looks 
vertically  down  from  the  ship  to  the  surface  of  the  water  thzouf^ 
a  somewhat  long  pipe.  The  green,  or  rather  grey-green,  watar  is 
generally  met  with  in  the  neighbourhood  of  ice  (whence  it  was 
supposed  to  arise  from  the  arctio  ourrent) ;  the  blue  where  the  water 
is  free  from  ice ;  the  brown,  as  far  as  I  am  aware,  chiefly  in  that 
part  of  Davis  Strait  which  is  situated  in  front  of  "  Fiskemaes." 
When  specimens  of  the  water  are  taken  up  in  an  uncoloured  glass,  it 
appears  perfectly  dear  and  colourless,  nor  can  one  with  the  naked 
eye  discover  any  organisms  to  account  for  the  colour.  But  if,  when 
the  velocity  of  the  ship  allows  of  it  (Le.  when  the  ship  makes  from 
one  to  three  knots  an  hour) ,  a  fine  insect  net  be  towed  behind  the  ship, 
it  will  soon,  in  the  green  and  brown  water,  be  found  covered  with  a 
film  of  in  the  former  case  green,  in  the  latter  case  brown  slime,  of  or- 
ganic origin,  and  evidently  the  real  cause  of  the  abnormal  colour  of 
the  sea- water.  Just  in  these  parts  may  be  found  swarms  of  small 
Crustacea,  which  live  upon  this  slime,  and  in  their  turn,  directly  or 
indirectly,  become  the  food  of  larger  marine  animals.  The  blae 
water  on  the  contrary,  at  least  in  these  seas,  deposits  no  slime  upon 
the  insect-net,  and  is  far  less  frequented  by  Crustacea,  Annelides,  etc., 
than  the  green.  Thus,  as  Brown,  in  the  article  above  referred  to, 
remarks,  the  presence  of  this  slime,  inconsiderable  as  it  is,  but  spread 
over  hundreds  of  thousands  of  square  miles,  is  a  condition  necessary 
for  the  subsistence,  not  only  of  the  swarms  of  birds  that  frequent 
the  northern  seas,  but  also  of  that  giant  of  the  animal  creation,  the 
whale,  and  all  branches  of  industry  dependent  on  whale-fisheries. 

Of  these  remarkable  organisms  Dr.  Oberg  collected  specimens 
when  possible,  during  the  voyage,  which  it  is  intended  hereafter  to 
submit  to  a  careful  scientific  examination,  in  conjunction  with  similar 
specimens  from  preceding  expeditions.  Here  we  need  only  mention 
that  the  slime  itself  in  each  particular  place  is  formed  only  of  a  few 
species  of  Diatomacea,  often  so  large  that  after  drying  the  mass, 
the  siliceous  frustules  may  be  discerned  with  the  naked  eye ;  but 
on  the  other  hand,  different  parts  of  the  ocean  exhibit  entirely 
different  forms,  so  that,  for  example,  the  green  slime  in  one  place 
has  sometimes  not  a  single  species  identical  with  that  in  another.  A 
long  continued  collection  will  therefore  be  required  to  explain  this 
scanty  but,  nevertheless,  so  remarkable  and,  we  may  safely  say,  im- 
portant flora  of  the  ocean's  surface. 

In  Copenhagen  our  expedition  was  most  kindly  received  by  the 

'  A  very  iateresting  essay  on  this  subject  has  been  pablished  by  Dr.  Brown :  Tht 
Farmert  •'m.  1|  1868,  p.  16. 
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of  Directors  of  the  Qreenland  trade,  who  not  only  granted  ns 
le  favourable  terms  for  onrvojrage  ont  in  the  ''Trade's"  ships 
they  grant  to  their  own  officers,  bat  also  gave  ns  an  on- 
letter  of  credit  on  their  various  stations,  together  with  a  letter 
of  recommendation  to  their  Governors,  who  also  everywhere 
d  us  in  the  most  hospitable  manner,  and  assisted  ns  in  getting 
provisions,  and  particularly  crews.  The  obtaining  of  crews  in 
and  is  an  especially  difficult  matter.  A  Greenlander's  desire 
I  is,  in  general,  confined  to  the  day's  necessities;  his  nn- 
;ne6s  to  undertake  any  service  is  particularly  great;  and 
he  is  so  attached  to  his  home,  his  wife  and  his  children, 
not  provided  with  these,  to  his  in  general  very  ill-treated 
iat  already,  after  a  fortnight's  separation,  he  is  quite  homesick. 
\  equally  true  of  the  thoroughbred  Greenlander  and  of  the 
races,  which  form  a  considerable  portion  of  the  population  of 
ony.  The  Danish  artisans  in  Ghreenland,  in  fact,  often  marry 
The  children  in  these  cases  are  said  seldom  to  learn 
iather's  language,  but  in  general  only  Greenlandish,  which 
^ — difficult  as  it  is  to  elder  persons  consciously  or  nncon- 
f  accustomed  to  totally  different  linguistio  rules, — perhaps  on 
^j  of  the  abundance  of  expressions  for  the  objects  and  actions 
hich  the  children  g^w  up — is  caught  by  them  with  such  ease 
*tiality  that  even  pure  European  parents  find  it  difficult  to  get 
hildren  to  speak  their  real  mother-tongue.  Moreover,  the 
ty  of  earning  their  bread  soon  compels  these  children  to  have 
e  to  purely  Greenlandish  sources  of  gain,  and  to  adopt  Green- 
customs.  The  child  of  a  Danish  father  and  a  Greenlandish 
)d-race  mother  thus  becomes,  both  in  language  and  manners, 
)lete  Greenlander;  perhaps,  however,  a  little  less  given  to 
n^y  of  the  day  actually  passing,  and  therefore  with  a  somewhat 
prospect  of  maintaining  himself  than  the  more  careless  original 

• 

I,  while  European  customs  of  society  and  European  language 
lost  powerless  when  in  competition  with  those  of  Ghreenland^ 
ropean  features  and  form  of  the  body  are  preserved,  almost 
b  any  alteration.  The  mixed-race,  therefore,  which  meets  us 
>st  every  colony,  is  distinguished  by  a  tall  figure,  often  with 
lir,  and  not  unfrequently  a  very  handsome  person,  if  not  too 
bely  spoiled  by  Greenlandish  dirt. 

pean  features  seem  to  have  something  more  attractive  to  a 
uider*s  sense  of  the  beautiful  than  the  flat  form  of  countenance 
1  among  themselves,  and  thus  many  skin-clad  canoe-men  are 
led,  through  several  generations,  from  purely  European 
married  with  women  of  mixed  race  ;  and  were  is,  therefore, 
toish,  Norwegian,  Swedish,  or  English,  than  Greenlandish 
1  their  veins.  Anything  of  that  readiness  to  face  danger  and 
ventures,  which,  inherited  from  the  wild  piratic  and  chivalrous 
>rms  a  feature  in  our  national  character,  will  be  looked  for  in 
L  the  descendants  of  Europeans  in  QteenLuid.',  ^\A  ^^ 
an  with  Oreenlandiah  blood  in  his  veina  \a  a&  lirnv^.  «xA  ^«is^ 
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hearted  as  the  Greenlander  himself.  Beal  semce,  in  the  Emopean 
sense  of  the  word,  he  will  seldom  bear  long.  He  is  unwilling,  lor 
any  length  of  time^  to  leave  his  turf-house,  his  wife,  children,  and 
dogs.  He  aToids  every  danger  to  which  his  fishing  does  not  drive 
him — nay,  not  only  danger,  but  what  he  vainly  imagines  to  be  sudi ; 
aS|  for  example,  a  longer  sail  in  a  oapacious  and  safe  whale-fishing 
boat 

A  Greenlander  cannot  now,  at  least  in  winter,  dispense  with 
several  articles  of  food  imported  from  Europe,  e.g.  bread  and  coffae, 
but  he  can  never  spare  sufficient  to  purchase  at  once  enough  evoi 
for  a  week.  He  is  accordingly  obliged  to  reside  so  near  a  Danish 
trading-station  (colony  or  depot)  as  to  be  able  daily  to  barter  the 
train  and  skin  of  the  captured  seal  for  bread,  coffee,  sugar,  etc.  The 
Oreenlanders'  winter  dwellings  are,  therefore,  seldom  situated  fiur 
from  the  trading-station,  but  in  general  crowded  together  in  its 
immediate  neighbourhood.  But  a  Qreenlander,  who  is  active  and 
able  to  hunt,  is  glad  to  leave  his  close  hut  in  the  summer,  and  betake 
himself,  together  with  the  women  and  children  of  his  household,  to 
a  fishing  or  hunting  district,  at  a  distance  of  several  dozen  miles, 
where  the  family  settles  in  a  summer  tent  made  of  reindeer  hides, 
to  live  for  a  time  exclusively  on  the  produce  of  the  land. 

On  this  account,  there  is  in  most'  of  the  colonies,  during  the 
summer,  a  dearth  of  men,  and  especially  of  such  as  are  able  and 
willing  to  undertake  a  longer  journey  in  a  whaling-boat.  Imme- 
diately on  our  arrival  at  Godhavn  we  experienced  this,  finding  it 
utterly  impossible  here  to  get  together  sufficient  crews  to  man  the 
two  whaling-boats  indispensably  necessary  for  us.  After  more  than 
a  week's  vain  parleying,  we  were,  therefore,  glad  to  avail  ourselves 
of  the  opportunity  offered  by  one  of  the  Trade's  vessels  of  a  passage 
for  ourselves  and  our  apparatus  (the  zoologists'  chests,  lines,  dredges, 
etc.,  alone  loaded  a  couple  of  boats)  to  Egedesminde,  where  we  were 
assured  we  should  meet  with  less  difficulty. 

We  arrived  at  Egedesminde,  a  colony  situated  on  the  southern 
side  of  Disko  Bay,  after  scarce  half  a  day's  voyage,  and,  thanks  to 
the  assistance  given  us  by  the  hospitable  governor  of  the  place,  Mr. 
BoUbroe,  we  found  ourselves,  within  a  few  hours  after  our  arrival,  in 
a  condition  to  begin  our  summer's  work  in  earnest  One  whaling- 
boat  was  purchased,  and  another  was  borrowed  of  BoUbroe,  who 
also  procured  the  crews  necessary  for  manning  the  boats. 

Br.  Oborg  remained  with  one  boat,  in  the  neighbourhood  of 
Egedesminde,  for  the  purpose  of  dredging,  and  other  zoological  re- 
searches. Dr.  Berggren,  Dr.  Nordstrom,  and  I  proceeded  with  the 
other  boat  southward,  past  Manermiut  and  Kangaitsiak,  to  the  most 
northerly  of  the  long,  narrow,  almost  river-like  JQords,  which  pene- 
trate far  into  the  land  between  Egedesminde  and  Holsteinsborg.  We 
left  Egedesminde  on  the  12th  of  July,  in  the  afternoon. 

We  took  up  our  night-quarter,  the  12th  of  July,  at  Manermiut, 

the  13th  at  Kangaitsiak,  the  14th,  15th,  and  16th  on  islands  in 

Aaleitsivik.     On  the  17th  we  at  len^  ^tv^^d  at  the  nearest  object 
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of  our  Toyage,  the  northern  tide  of  the  glacier  that  shoots  out  from 
the  inland  ice,  that  oocnpies  the  bottom  of  the  northern  arm  of 
Anleitsiyikfjord,  that  is  to  say,  the  spot  selected  as  the  starting- 
point  for  onr  jonmey  over  the  ice. 

The  tract  through  which  we  passed,  like  the  whole  west  coast  of 
Greenland  south  of  the  basalt  region,  bears  a  strong  resemblance  to 
the  Scandinavian  peninsula,  and  that  resemblance  is  not  the  result 
of  any  accident,  but  of  a  similar  geological  formation,  and  a  similar 
geological  history.  The  surface  of  Greenland,  like  that  of  Scandi- 
navia, is  for  the  most  part  occupied  by  stratified  crystalline  rock 
(gneiss,  homblende-sdust,  hornblende-gneiss,  mica-schist,  etc.), 
crossed  by  dykes  and  veins  of  granite,  which  even  bear  the  same 
peculiar  minerals  which  distinguish  the  Scandinavian  granite- 
veins  ;  and,  as  in  the  case  of  our  mountains,  the  mountains  of 
these  regions  have  once  been  covered  with  glaciers,  which  have 
left  unmistakable  marks  of  their  presence  in  the  boulders,  which 
are  met  with  scattered  high  up  on  tJie  sides  of  the  mountains,  in  the 
rounding  off,  in  the  polishing  and  grooving  of  the  surface,  and  in  the 
deep  i^ords,  evidently  scooped  out  by  glaciers,  which  distinguish 
both  Scandinavia's  and  Qreenland's  western  coasts.  There  is,  how- 
ever, this  difference,  that  whereas  the  glacial  period  of  Scandinavia 
belongs  to  an  age  long  past,  that  of  Greenland,  though  it  is  re- 
ceding,^ still  continues.  While,  in  fact,  numberless  indications  show 
that  the  inland-ice  has  in  ancient  times  covered  even  the  skerries 
round  the  coast,  these  are  now  so  free  from  ice  that  a  traveller  in 
most  places  has  to  advance  several  miles  into  the  oountry  before 
reaching  the  border  of  the  present  inland-ice.  It  is  at  least  certain 
that  wherever  any  one  hitherto  has  penetrated  into  the  land,  he  has 
met  with  its  border,'  and  in  all  instances  has  seen  it  from  some  neigh- 
bouring mountain-top,  rising  inwards  with  a  gradual  and  regular 
ascent,  till  it  levels  undistinguishably  hill  and  dale  beneath  its 
frozen  covering,  like  the  waves  of  a  vast  ocean. 

Of  this  inland-ice  the  natives  entertain  a  superstitious  fear,  an 
awe  or  prejudice,  which  has,  in  some  degree,  communicated  itself  to 
such  Europeans  as  have  long  resided  in  Greenland.  It  is  thus  only 
that  we  can  explain  the  circumstance,  that  in  the  whole  thousand 
years  during  which  Greenland  has  been  known,  so  few  efforts  have 
been  made  to  pass  over  the  ice  farther  into  the  country.  There  are 
many  reasons  for  believing  that  the  inland-ice  merely  forms  a  con- 
tinuous ice-frame,  running  parallel  with  the  coast,  and  surrounding 
a  land  free  from  ice,  perhaps  even  in  its  southern  parts  woody,  which 
might  perhaps  be  of  no  small  economical  importance  to  the  rest  of 
Greenland.     The  only  serious  attempt  that  has  hitherto  been  made, 

^  Certainly  receding,  although  the  inland  ice  sometimes  makes  its  way  to  the  sea, 
and  thus  tracts  that  haTe  been  free  from  ice  are  again  covered.  We  have  an  example 
of  this  in  the  ice -fjord  of  Jacobshavn,  of  which  more  hereafter. 

'  I  haTe,  howeTer,  met  with  persons  in  Greenland  who  do  not  consider  it  as  Mly 
pvoyed,  that  the  inland-ice  really  does  form  an  inner  border  to  the  whole  of  the  ex- 
ternal coast    Many  Danes  hare  resided  sereral  years  in  GrocnoiWA  m^^"^  «^^ 
bftTiog  seen  Ae  inland'ioe. 
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in  the  parts  of  Greenland  colonized  by  Danes,^  to  advance  in  tbat 
direction  was  made  by — 

A  Danish  expeditwn,  fitted  out  for  the  purpose  in  1728. — A  Danidi 
governor,  Major  Paars,  with  an  armed  company,  artillery,  etc.,  was 
that  year  sent  from  Denmark  to  Greenland,  and  took  with  him, 
among  other  things,  also  horses,  with  which,  it  was  intended  to  ride 
over  the  momoitains,  in  order  to  rediscover,  by  an  overland  conne, 
the  lost  (East)  Greeoiland.  The  horsesi  however,  died,  either  dnriog 
the  voyage  out  or  shortly  after  their  arrival  in  the  country ;  and  Urns 
this  expedition,  really  magnificent,  but  prepared  in  entire  ignoisikoe 
of  the  real  nature  of  the  country,  was  abandoned. 

Dalager*8  attempt,  1751. — This  year  the  Danish  merchant  Dalager 
made  an  attempt,  in  about  62^  31^  latitude,  to  advance  in  the  be- 
ginning of  September  over  the  inland  ice  to  the  east  coast.  In  the 
first  volume  of  Eranz*s  **  History  of  Greenland  " '  there  is  a  short 
description  of  tliis  journey,  interesting,  among  other  reasons,  as 
recording  an  instance  of  a  glacier,  which  since  Greenland  has  been 
an  inhabited  land  has  forced  its  way  forward  and  closed  the  en- 
trance of  a  previously  open  fjord.  We  find  further  from  that 
account,  that  Dalager,  psuiJy  on  foot  and  partly  in  a  canoe,  .in 
company  with  five  natives,  reached  the  border  of  the  inland  ioe 
near  the  bottom  of  a  deep  fjord  situated  north  of  Fredrikshaab. 
For  two  days  they  continued  their  journey  over  the  ice,  but  suc- 
ceeded during  this  time  in  advancing  only  eight  English  miles  to 
some  mountain  summits  rising  above  the  ice-field,  where  a  rein- 
deer hunt  was  undertaken.  Dalager  would  willingly  have  continued 
the  journey  a  day  or  two  longer,  but  was  unable  to  do  so,  partly 
because  the  two  pairs  of  boots  taken  with  them  for  each  person  were 
so  cut  to  pieces  by  the  ice  that  they  walked  **  as  good  as  barefoot," 
partly  because  the  cold  at  night  was  so  severe  that  their  limbs  be- 
came stiff  after  a  few  hours  of  rest.  On  the  other  hand,  the  route 
chosen  by  Dalager  seems  not  to  have  been  interrupted  by  very 
many  or  deep  chasms — in  the  beginning  of  the  journey  the  sur&ce 
of  the  ice  was  even  "  as  smooth  as  a  street  in  Copenhagen."  Further 
on  however  it  was  extremely  rough. 

E,  Whymper^B  expedition,  1867. — All  that  I  know  about  this  ex- 
pedition is,  that  Mr.  Whymper,  in  company  with  Dr.  R.  Brown, 
three  Danes  and  a  Greenlander,  endeavoured  to  make  their  way 

*  Dr.  Hayes's  remarkable  journey,  in  October,  1860,  over  the  fields  of  ice  that  co^er 
the  peninsula  between  Whale  Souna  and  Kennedy  Channel  (78'*N.L.),  was  performed, 
not  upon  the  real  inland-ice,  but  upon  a  smaller  ice-field  connected  with  the  inland- 
ice,  like  the  ice-fields  at  Noursoak  peninsula.  The  character  of  the  ice  here  soenu  to 
have  diifered  considerably  from  that  of  the  real  inland-ice.  Hayes  ascended  the 
glacier  at  Port  Foulkc,  on  the  23rd  of  October,  and  advanced  on  foot,  the  first  day  6, 
the  second  30,  the  third  25  miles,  in  all  60  English  miles.  He  was  here  forced  to 
return,  in  conseauence  of  a  storm.  The  height  of  the  spot  where  he  turned  back 
over  tiie  level  or  the  sea  was  6000  feet  (I'he  Open  Polar  Sea,  by  Dr.  J.  J.  Hayes, 
pp.  130-136). 

2  I  have  not  had  access  to  Dalager's  original  account  '*  Grdnlandske  Relationeri 
indehaaldendo  Gronlandcmes  Liv  og  Levnet,  dercs  Skicke  og  Vedtagter,  samt  Tern- 
perament  og  Superstitioner,  tillige  nogle  korrte  Reflexioncr  over  Missionen,  sammen- 
skreret  red  FrednckBhaabs  Colonia  i  0T'6nVaiid^\>'}  \iBx«Ik«&Ai^,%(fi,tcbLant. 
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L  the  inland  ioe  with  dogs  immediately  to  the  north  of  the  ioe- 
[  at  Jaoohshavn,  but  that  they  tamed  back  again  on  the 
id  day,  after  having  proceeded  only  some  few  miles.  The  reason 
lis  was  probably  the  unfitness  of  dogs  for  such  a  purpose. 

was  originally  my  intention  to  renew  these  attempts,  but  on 
ersing  in  Copenhagen  with  Messrs.  Rink  and  Olrik,  who  had 
erly  been  Inspectors  in  North  Greenland,  as  also  with  seyeral 
r  persons  who  had  visited  Greenland,  I  found  all  so  un- 
ions in  considering  further  advance  over  the  inland  ioe  as  im- 
ible,  that  I  determined  not  to  risk  the  whole  profit  of  the 
ner  on  an  undertaking  of  the  kind  beforehand  diiBapproved  of 
verybody.  Nevertheless,  I  was  unwilling  entirely  to  abandon 
plan,  and  determined  therefore  to  make  a  little  attempt  at  a 
aey  on  the  inland  ioe  only  of  a  few  days'  extent. 

the  inland  ice  were  not  in  motion,  it  is  dear  that  its  sur£BU3e 
Id  be  as  even  and  unbroken  as  that  of  a  sand  field.    But  this, 

known,  is  not  the  case.  The  inland  ice  is  in  constant  motion, 
ncmg  slowly,  but  with  different  velocity  in  different  places,  to- 
is  the  sea,  into  which  it  passes  on  the  west  coast  of  Greenland 
agh  eight  or  ten  large  and  a  great  many  small  ice-streams. 
I  movement  of  the  ice  gives  rise  in  its  turn  to  huge  chasms  and 
s,  the  almost  bottomless  depths  of  which  close  the  traveller's 
It  is  natural  that  these  clefts  should  occur  chiefly  where  the 
ement  of  the  ice  is  most  rapid,  that  is  to  say,  in  the  neighbour- 
[  of  the  great  ice-streams,  but  that  on  the  other  hand  at  a  greater 
ince  from  these  the  ground  will  be  found  more  free  from  cracks, 
his  account  I  determined  to  begin  our  wanderings  on  the  ioe  at 
int  as  far  distant  as  possible  from  the  real  ioe-i^ords.  I  should 
)  preferred  one  of  the  deep  '^  StromQords  (stream-i^ords)  for 
purpose,  but  as  other  business  intended  to  be  carried  out  during 
short  summer  did  not  permit  a  journey  per  boat  so  far  south- 
1,  I  selected  instead  for  my  object  the  northern  arm  of  the 
'e-mentioned  Auleitsivikfjord,  which  is  situated  60  miles  south 
he  ice-Qord  at  Jakobshavn,  and  240  miles  north  of  that  of 
thaab.  The  inland  ice,  it  is  true,  even  in  AuleitsivikQord 
hes  to  the  bottom  of  the  fjord,  but  it  only  forms  there  a  per- 
iicular  glacier,  very  similar  to  the  glaciers  at  King's  Bay  iu 
zbergen,  but  not  any  real  ice-stream.  There  was  accordingly 
3n  to  expect  that  such  fissures  and  chasms  as  might  here  occur 
Id  be  on  a  smaller  scale. 

n  the  17th  July,  in  the  afternoon,  our  tent  was  pitched  on  the 
e  north  of  the  steep  precipitous  edge  of  the  inland  ice  at  Auleit- 
cQord.  After  having  employed  the  18th  in  preparations  and  a 
slight  reconnoitrings,  we  entered  on  our  wandering  inwards  on 
19&.  We  set  out  early  in  the  morning,  and  first  rowed  to  a 
3  bay  situated  in  the  neighbourhood  of  the  spot  occupied  by  our 
,  into  which  several  clayey  rivers  had  their  embouchures.  &ere 
land  assumed  a  character  varied  by  hill  and  dale,  and  farther 
ird  was  bounded  by  an  ice  wall  sometimes  per^nd\c;v\l&x  «sA 
)time8  rounded,  covered  with  a  thin  layer  oi  qsixOcl  ^sA^to&sm^ 
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near  the  edge,  only  a  couple  of  hundred  feet  high,  but  then  rismg  it 
first  rapidly,  afterwards  more  slowly,  to  a  height  of  seveial  hundxed 
feet  In  most  places  this  wall  oould  not  possibly  be  scaled;  we 
however  soon  succeeded  in  finding  a  place  where  it  was  cat  through 
by  a  small  cleft,  sufficiently  deep  to  afford  a  possibility  of  climl^ 
up  with  the  means  at  our  disposal,  a  sledge,  which  at  need  might  be 
used  as  a  ladder,  and  a  line  originally  100  fathoms  long,  but  whioii, 
proving  too  heavy  a  burden,  had  before  our  arrival  at  the  first  lestiiig- 
place  been  reduced  one-half.  All  of  us,  with  the  exception  of  our  dd 
and  lame  boatman,  assisted  in  the  by  no  means  easy  work  of  bringing 
over  mountain,  hill,  and  dale,  the  apparatus  of  the  ice  ezpeditioii 
to  this  spot,  and  after  our  dinner's  rest,  a  little  further  up  the  loe- 
wall.  Here  our  followers  left  us.  Only  Dr.  Berggren,  I,  and  two 
Greenlanders  (Isak  and  Sisamiak)  were  to  proceed  farther.  We 
immediately  commenced  our  march,  but  did  not  get  very  flair  that  day. 

The  inland  ice  differs  from  ordinary  glaciers  by,  among  other 
things,  the  almost  total  absence  of  moraine-formations.  Hie  col- 
lections of  earth,  gravel,  and  stone,  with  which  the  ice  on  the  land- 
ward edge  is  covered,  are  in  fact  so  inconsiderable  in  oomparison 
with  the  moraines  of  even  very  small  glaciers,  that  they  scaroely 
deserve  mention,  and  no  larger,  newly  formed  ridges  of  gravd 
running  parallel  with  the  edge  of  the  glacier  are  to  be  met  with,  at 
least  in  the  tract  visited  by  us. 

The  landward  border  of  the  inward  ice  is  however  darkened,  we 
can  scarcely  say  covered  with  earth,  and  sprinkled  with  small  sharp 
stones.     Here  the  ice  is  tolerably  smooth,  though  furrowed  by  deep 
clefts  at  right  angles  to  the  border — such  as  that  made  use  of  by  ub 
to  climb  up.     But  in  order  not  immediately  to  terrify  the  Green- 
landers  by  choosing  the  way  over  the  frightful  and  dangerous  clefts, 
we  determined  to  abandon  this  comparatively  smooth  ground,  and 
at  first  take  a  southerly  direction  parallel  with  the  chasms  and  after- 
wards turn  to  the  East     We  gained  our  object  by  avoiding  the 
chasm,  but  fell  in  instead  with  extremely  rough  ice.     We  now  under- 
stood what  the  Greenlanders  meant,  when  they  endeavoured  to  dis- 
suade us  from  the  journey  on  the  ice,  by  sometimes  lifting  their 
hands  up  over  their  heads,  sometimes  sinking  them  down  to  the 
ground,  accompanied  by  to  us  an  unintelligible  talk.     They  meant 
by  this  to  describe  the  collection  of  closely  heaped  pyramids  and 
ridges  of  ice  over  which  we  had  now  to  walk.     The  inequalities  of 
the  ico  were,  it  is  true,  seldom  more  than  40  feet  high,  with  an  in- 
clination of  25  to  30  degrees.     But  one  does  not  get  on  very  fast, 
when  one  has  continually  to  drag  a  heavily-laden  sledge  up  so  irre- 
gular an  acclivity,  and  immediately  after  to  endeavour  to  get  down 
uninjured,  at  the  risk  of  getting  one's  legs  broken,  when  occasionally 
losing  one's  footing  on  the  here  often  very  slippery  ice  in  attempting 
to  moderate  the  speed  of  the  downward  rushing  sledge.   Had  we  used 
an  ordinary  sledge,  it  would  immediately  have  been  broken  to  pieces, 
but  as  the  component  parts  of  our  sledge  were  not  nailed  but  tied 
together,  it  hold  together  at  least  for  some  hours. 

Already  the  next  day  we  peioeived  th^  impossibility  under  such 
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circumstaiioes  of  dragging  with  ub  the  30  days'  provision  with  whioh 
^ee  had  furnished  ourselves,  especially  as  it  was  evident,  that  if  we 
"we  wished  to  proceed  further,  we  must  transform  ourselves  from 
draught  to  pack  horses.  We  therefore  determined  to  leave  the 
Bledge  and  part  of  the  provisions,  take  the  rest  on  our  shoulders  and 
proceed  on  foot  We  now  got  on  quicker,  though  for  a  sufficiently 
long  time  over  ground  as  bc^  as  before.  The  ice  became  gradually 
smoother,  and  was  broken  by  large  bottomless  chasms,  which  one 
must  either  jump  over  with  a  heavy  load  on  one's  back,  in  which 
case  woe  to  him  who  made  a  false  step,  or  else  make  a  long  circuit 
to  avoid.  After  two  hours'  wandering,  the  region  of  clefts  was 
passed.  We,  however,  in  the  course  of  our  journey,  very  frequently 
met  with  portions  of  similar  ground,  though  none  of  any  very  great 
extent.  We  were  now  at  a  height  of  more  than  800  feet  above  the 
level  of  the  sea.  Farther  inward  the  sur£EU)e  of  the  ice,  except  at 
the  occasionally-recurring  regions  of  clefts,  resembled  that  of  a 
stormy  sea  suddenly  bound  in  fetters  by  the  cold.  The  rise  inwards 
was  still  quite  perceptible,  though  frequently  interrupted  by  shallow 
valleys,  the  centres  of  which  were  occupied  by  several  lakes  or 
ponds  with  no  apparent  outlet,  although  they  received  water  from 
mnmnerable  rivers  running  along  the  sides  of  the  excavation.  These 
rivers  presented  in  many  places  not  so  dangerous  though  quite  as 
time-wasting  a  hindrance  to  our  progress  as  the  defts — with  this 
difference,  however,  that  they  did  not  so  often  occur,  but  the  circuits 
to  avoid  them  were  so  much  the  longer. 

During  the  whole  of  our  journey  on  the  ice  we  constantly  enjoyed 
fine  weather,  frequently  there  was  not  a  single  cloud  visible  in  the 
whole  sky.  The  warmth  was  to  us,  dad  as  we  were,  sensible ;  in 
the  shade,  near  the  ice  of  course,  but  little  over  zero ;  higher  up,  in 
the  shade,  as  much  as  7^  or  8^ ;  but  in  the  sun  25^  to  30^  Centig. 
After  sunset  the  water-pools  froze,  and  the  nights  were  very  cold. 
We  had  no  tent  with  us,  and,  although  our  party  consisted  of  four 
men,  only  two  ordinary  sleeping  sacks.  These  were  open  at  both 
ends,  so  that  two  persons  could,  though  with  great  difficulty,  with 
their  feet  opposite  to  each  other,  squeeze  themselves  into  one  sack. 
With  rough  ice  for  a  substratum,  the  bed  was  thus  so  uncomfortable 
that,  after  a  few  hours'  sleep,  one  was  awakened  by  cramp  in  one's 
closely  contracted  joints,  and,  as  there  was  only  a  thin  tarpaulin 
between  the  ice  and  the  sleeping  sack,  the  bed  was  extremely  cold  to 
the  side  resting  on  the  ice,  which  the  Greenlanders,  who  turned  back 
before  us,  described  to  Dr.  Nordstrom  by  shivering  and  shaking 
throughout  their  whole  bodies.  Our  nights'  rests  were,  therefore, 
seldom  long ;  but  our  midday  rests,  during  which  we  could  bask  in 
a  glorious  warm  sun-bath,  were  taken  on  a  proportionately  more 
copious  scale,  whereby  I  was  enabled  to  take  observations  both  for 
altitude  and  longitude. 

On  the  surface  of  ^e  inland  ice  we  do  not  meet  with  any  stones  at 
a  distance  of  more  inm  a  cable's  length  from  the  border ;  but  we 
find  everywhere  instead,  vertical  cylindrical  holes,  of  a  foot  or  two 
deep,  and  from  a  couple  of  lines  to  a  couple  of  i^^X*  m  ^^yqtcl,  «i^ 
TOL.  XX.— jro.  xcm.  *ift 
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close  one  to  another  that  one  might  in  Tain  seek  between  them  room 
for  one's  foot,  much  less  for  a  sleeping-sack.  We  had  always  a 
system  of  ice-pipes  of  this  kind  as  substratum  when  we  rested  for 
the  night,  and  it  often  happened,  in  the  morning,  that  the  warmth 
of  our  bodies  had  melted  so  much  of  the  ice,  that  the  sleeping  sack 
touched  the  water,  wherewith  the  holes  were  always  nearly  folL 
But,  as  a  compensation,  wherever  we  rested,  we  had  only  to  stretch 
out  our  hands  to  obtain  the  very  finest  water  to  drink. 

(To  he  continued  in  our  next.) 


n. — ^NOTE    ON    THE    DiSGOVEBT    OF    THE   OlDEST    EnOWN    TeIWMFU 
(T.   LlNQONBNSlS,   DuMOBTIEB)    IN    BbITAIN. 

By  Balph  Tate,  Assoc.  Lin.  Soc.,  F.6.S. 

THE  ironstone  of  Cleveland  is  a  repository  for  a  number  of  interest- 
ing species  of  Mollusca,  amongst  which  a  Trigoma  deserves 
especial  notice,  representing  as  it  does  the  oldest  form  of  the  genus, 
and  now  recorded  for  the  first  time  as  British. 

Till  within  the  last  few  years  Trigonia  littorata  was  the  precurscnr 
of  one  of  the  most  important  generic  forms  of  Mesozoic  life,  but  the 
publication  by  Dumortier  (Etudes  Jurassiques  du  Rhone,  p.  275, 
1869),  of  the  occurrence  of  a  Trigonia  (T.  lAngoneneia)  in  the  Marl- 
stone  of  the  Rhono  Basin  robbed  T,  littorata  of  its  ancient  renown. 

r.  litioraUif  Phillips,  is  stated  by  its  describer  (Greol.  Yorksh.  1 14, 
f.  11)  to  be  from  the  Lower  Lias  Shale,  Bobin  Hood's  Bay,  and  else- 
where in  the  same  work  to  be  from  the  Alum  Shale.  The  former 
statement  is  doubtlessly  a  clerical  error.  It  is  chiefly  to  be  found  in 
the  cement  stones  above  the  Alum  Shale,  but  it  also  occurs  in  the 
imderlying  Shale.  This  position  is  on  an  average  200  feet  above  the 
ironstone  whence  T.  lAngonensia  was  obtained. 

The  characters  of  the  fossil  are  fully  displayed,  and  do  not  permit 
a  doubt  of  its  generic  position;  agreeing,  moreover,  in  size  and 
ornamentation,  with  the  type  of  T.  lAngonensis  from  the  Basin  of 
the  Tlhone,  it  must  bo  quoted  under  that  name. 

T,  Lingonensia  belongs  to  the  Section  GlahrcB  as  defined  by 
Agassiz,  which  contains  a  few  Portlandian  and  Cretaceous  species. 
It  is  noteworthy  that  the  oldest  species  of  the  genus  represents  the 
simplest  typo  of  ornamentation. 

The  specimen  on  which  these  remarks  are  based  is,  however,  not 
the  only  one  of  this  species  in  Britain.  My  friend,  Rev.  J.  F.  Blake, 
informs  me  by  letter  April  18,  1872,  that  a  specimen  of  Trigonia 
Lingonensis — "in  fine  preservation,  better,  as  far  as  I  remember,  even 
than  yours, — is  in  the  York  Museum,  labelled  *  New  Trigonia,  by 
Charlesworth,  in  18o8.'  It  is  from  the  ironstone,  with  green  grains, 
at  Maroke"  (probably  from  the  Upleatham  Mines). 

Position  and  Localities,  Zone  of  Ammonites  spinatus.  Loft- 
house  (?)  and  Upleatham  Mines  (York.  Mus.). 
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nL — ^A.  E.  Tdbnebohm's  Thsoby  of  the  Obioin  of  the  Swedish 

ASAB. 

By  James  Gbuub,  F.B.SJELy 

District  Suireyor  of  the  Geolog:ical  Surrey  of  Scotland. 

r  the  fourth  number^  of  the  Proceedings  of  the  Greological  Society 
of  Stockholm,  there  is  a  paper  by  Mr.  Tomebolmi,  of  the 
Greological  Survey  of  Sweden,  which  treats  of  the  origin  of  the  famous 
asar, — the  same  geologist  has  also  kindly  sent  me  some  further 
explanation  of  his  views, — a  short  account  of  which  will,  no  doubt, 
be  interesting  to  many  readers  of  the  Magazine. 

One  of  the  most  striking  features  of  the  &sar,  says  Mr.  T5mebohm, 
is  their  great  length — an  as  sometimes  continuing  for  more  than  a 
hundred  English  miles.  Often  beginning  in  the  interior  of  the 
countiy,  an  as  follows  some  particular  valley  down  to  the  low  coast- 
land,  across  which  it  passes  as  a  well-defined  ridge  out  to  sea. 
In  the  environs  of  the  Malar  Lake,  where  the  asar  have  all  been 
studied  and  mapped  by  the  Geological  Survey,  they  are  found  as  a 
general  rule,  when  occurring  at  greater  heights  than  300  feet  above 
the  sea-level,  to  be  strictly  confined  to  the  valleys.  At  lower  levels 
they  seem,  on  the  contrary,  to  be  tolerably  independent  of  the 
present  configuration  of  the  land. 

In  the  valleys  which  contain  the  asar,  detached  patches  of  sand 
are  sometimes  found,  perching  high  on  the  side  elopes.  These 
patches,  according  to  Mr.  Tornebohm,  are  the  wreck  of  a  great 
deposit  of  sand,,  which  at  one  time  filled  the  valleys  from  side  to  side. 
While  the  valleys  were  still  filled  with  this  thick  bed^of  sand,  rivers 
b^an  to  flow  just  as  they  now  do,  and  cut  their  way  down  in  the  sand. 
The  running  water  carried  along  with  it  coarse  sand  and  gravel,  and 
deposited  these  on  the  beds  of  ^e  rivers,  which  thus  became  paved 
with  coarser  materials.  By  and  by  this  state  of  things  changed — 
denudation  set  to  work  upon  the  whole  deposit,  and  removed  the  fine 
sand,  but  had  not  power  to  carry  away  the  coarse  gravel  which  had 
filled  up  the  old  river  courses.  This  gravel,  therefore,  remained 
behind,  and  not  unfrequently  has  protected  a  considerable  thickness 
of  underlying  sand.  The  annexed  woodcuts,  which  are  taken  from 
Tomebohm's  paper,  will  further  illustrate  his  meaning. 

Fio.  1.  Fio.  2. 


Fig.  1  shows  the  section  of  a  valley  partly  filled  with  sand,  «,  in 
which  is  cut  the  river-bed,  paved  with  coarse  sand  and  gravel,  b. 
Fig.  2  represents  the  aspect  of  Ihe  valley  after  denudation  has  re- 
moved the  greater  portion  of  the  sand,  patches  of  which  are  seen  at 
a,  a.     At  the  bottom  of  the  valley  the  river  gravel  rests  w^\\.  %avckfe 

»  QeologiMka  ForeniDgeuB  i  Stockholm  Forbandlmgar.    "Baa^l.    ^  K^t^VSII- 
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depth  of  Bond,  formmg  togfithsr  &□  ^,  &.  In  deep  gra'vial  pits 
opened  in  the  asar,  it  would  seem  that  coarse  gravel  has  octoally 
heeii  found  to  repose  upon  underlying  beds  of  sand  and  day — two 
aketoh-sectio&B  being  given  in  the  paper  to  show  this  arrangemenL 

The  close  oonnexioa  between  the  asar  of  the  vallejra  and  thoM 
that  strike  across  the  low  country,  clearly  showa  that  in  both 
districts  they  must  have  been  formed  in  tiie  some  way,  Aa  an 
extimple,  Mr.  Tomebohm  oites  the  ^sar  that  ooonr  in  Uie  basin  of  the 
Malar  Lake.  To  apply  his  explanation  to  the  &sar  of  that  region,  it 
is  necessary  to  suppose  the  UiQar  basin  to  have  been  filled  np  with 
Band  and  mud,  through  which  the  rivers,  oomiug  from  the  melting 
ver  de  glace,  out  their  way  to  the  sea.  He  then  pointx  out  that  tin 
&sar,  in  their  geographical  distribution,  show  a  striking  reaemUance 
to  river-courses,  aa  will  be  seen  from  the  accompanying  sketoh^tiiap, 
on  which  the  thick  black  lines  represent  the  Saex. 


Fig.  3.  Skctcb^Msp  of  the  Uii.kTBtn&,t^Q^iVi%'^&«iAkaaf  thelsu. 
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After  the  rivers  had  thus  ooursed  across  the  hroad  deposits  of 
sand,  which  are  inferred  to  have  covered  so  laige  a  part  of  Sweden, 
a  movement  of  subsidence  ensued,  and  the  Malar  basin  became  con- 
verted into  a  shallow  sea.  During  this  period  of  depression,  the 
fine  sand,  whidi  was  improtected  by  the  coarse  gravel  and  shingle 
of  the  river-beds,  was  washed  away,  and  thus  the  &ar  were  formed. 
As  the  downward  movement  continued,  stratified  clay,  with  Arctic 
shells,  was  deposited  all  round  the  asar.  By  and  by  the  climate  be- 
came milder,  and  the  present  Baltic  fauna  succeeded  the  Arctic  one. 
The  land  b^an  to  rise  again,  and  the  asar,  being  brought  nearer  to 
the  surface  of  the  sea,  formed  long  shoals  or  banks,  exposed  to  the 
action  of  the  waves,  which  reasserted  their  outer  portions,  adding 
new  layers  of  sand,  interstratified  with  shell  mart  The  lisar  of  the 
lowlands  thus  became  cloaked  in  a  post-glacial  covering ;  to  which, 
and  not  to  the  &sar,  properly  belong  those  shells  of  recent  Baltic 
species,  which  are  got  near  the  surface  of  the  ridges. 

Mr.  Tomebohm's  objections  to  the  marine  origin  of  the  Ssar  are : 
the  great  length  of  these  remarkable  ridges ;  their  common  occur- 
zenoe  in  nairow  valleys ;  their  river-like  ramifications ;  and  the  fact 
that  they  are  met  with  at  greater  elevations  than  amy  undoubted 
marine  drift-deposits.  The  highest  shell-deposits  yet  seen  in  Scan- 
dinavia are  situated  not  more  than  600  feet  above  the  sea-level,  and 
he  thinks  it  unlikely  that  the  sea  ever  readied  a  greater  height  upon 
the  land.  The  Ssar,  however,  are  not  limited  to  that  height,  for  he 
has  traced  well-marked  asar  up  to  1000  feet,  and  in  the  mountain- 
ous valleys  of  the  north  even  up  to  elevations  of  over  2000  feet.  Mr. 
Tomebohm  does  not  disguise  from  himself  that  it  is  difficult  to 
understand  how  the  denuding  force  acted,  which  is  supposed  to  have 
swept  away  the  fine  sand  and  left  the  coarse  gravel.  If  marine 
denudation  cleared  away  the  sand  and  thus  gave  rise  to  the  asar  of  the 
lowlands,  how  would  he  explain  the  formation  of  those  asar  which 
reach  to  heights  above  600  feet — ^that  being,  as  he  thinks,  the 
greatest  elevaticm  in  Sweden  attained  by  the  sea  in  late  glacial  or 
post-glacial  times  ? 

IV. — Notes  on  Fossil  Sponoss. 
By  Hakybt  B.  Holl,  M.D.,  F.6.S. 

L  Introdiiction. — ^It  has  been  said,  with  some  degree  of  truth,  that 
our  knowledge  of  the  lower  forms  of  life  has  advanced  pari  pa$$u 
with  the  improvements  in  the  construction  of  microscopes ;  and  no 
doubt  very  considerable  progress  has  been  made  in  some  depart- 
ments of  investigation  within  the  last  few  years.  In  the  vegetable 
kingdom  more  especially  has  this  been  the  case  ;  and  with  respect 
to  animals,  the  structure  of  the  Protozoa  has  been  especially  eluci- 
dated by  able  observers,  the  Spongiad»  chiefly  by  the  labours  of 
Dr.  Bowerbank. 

Among  the  lower  forms  of  extinct  life,  progress  has  necessarily 
been  slower,  especially  as  regards  the  sponges,  for  oltViO^Q^  "m^^ 
forms  have  been  deaoribed  from  time  to  time,  t\iQ  ^o\x^  c^^^:^^^ 
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has  neTer  received  that  striot  treatment  of  which  it  seems  capaUe. 
Much  has  yet  to  he  done  towards  the  attainment  of  a  better  know- 
ledge of  their  structure,  mode  of  growth,  and  Tariation  in  fi>nn 
within  the  limits  of  the  species,  and  not  until  this  has  been  aoGom- 
plished  can  a  right  understanding  of  the  true  affinities  of  the  seTenl 
members  of  the  group  be  arriyed  at,  or  any  suoceseful  attempt 
made  at  arrangement  of  the  species  and  genera. 

The  little  interest  which  appears  to  attach  to  the  stady  of  fooQ 
sponges  may  possibly  be  due,  in  great  measure,  to  the  difficoltiai 
which  lie  in  the  way  of  a  rigid  determination  of  the  speciee.  Thii 
is  owing  to  the  inconstancy  of  the  characters  on  which  specific  dis- 
tinctions have  been  based;  and  consequently  an  enormous  number 
of  species  have  been  created,  the  described  characters  of  which  are, 
in  many  cases,  equally  applicable  to  other  forms,  which  are,  never- 
theless, totally  distinct.  Hence  the  subject  is  involved  in  a  ooafiisioii 
which  is  rendered  still  more  perplexing  by  the  circumstance,  that 
many  of  the  original  types  on  which  the  descriptions  were  based  can 
no  longer  be  traced.  The  means,  therefore,  of  identifying  the  spedfis 
is  by  no  means  easy,  and  in  some  cases  it  is  impossible  to  identify 
them.  As  an  example,  we  may  mention  the  SpongiUB  claveUaim, 
Mantell,  from  the  Chalk,  of  which  there  are  two  distinct  forms,  tke 
one  composed  of  a  network  of  inosculating  fibres,  the  other  con- 
stituted entirely  of  branched  and  tuberculated  spiculso.  The  Bame 
may  bo  said  of  the  sponges  included  in  the  genera  Chenendoporat 
D'Orb.,  Cvpnlospongia,  D'Orb.,  etc.,  some  of  which  are  spicnlar,  and 
others  fibrous,  and  yet  are  precisely  similar  in  their  general  appear- 
ance. In  all  these  cases  there  are  no  means  of  clearing  up  the 
doubt,  except  by  reference  to  the  original  type. 

Like  their  living  analogues,  the  fossil  sponges  are  liable  to  great 
variation  in  form,  and  other  external  and  obvious  characters ;  and 
the  remarks  of  Dr.  Bowerbank  on  this  subject  are  equally  applicable 
to  the  extinct  as  to  the  living  species.^  Yet  on  external  characten 
alone  necuiy  all  the  generic  and  specific  distinctions  of  the  fossil 
sponges  have  been  framed,  and  very  slight  variation  m  external 
configuration,  in  the  disposition  of  the  oscules,  or  even  in  the  geolo- 
gical position,  has  been  thoaght  sufficient  for  the  creation  of  distinct 
species.  Nevertheless,  if  we  except  the  Foraminifera,  there  is  no 
class  of  animals  in  which  the  outward  characters  are  less  stable,  and 
like  these,  in  conformity  with  the  same  low  state  of  organization, 
there  are  none  that  have  enjoyed  longer  range  in  geological  time. 

The  insufficiency  of  mere  external  character  for  the  purpose  of 
differentiating  the  sponges,  and  the  consequent  difficulty  experienced 
in  framing  specific  descriptions  precise  enough  for  their  identifica- 

^  "  There  is  no  class  of  animals  in  which  the  form  varies  to  so  g^reat  an  extent 
(as  the  living  sponges)  according  to  difference  of  locality  or  other  circumstances  ;  and 
even  where  there  is  a  striking  normal  form,  it  is  rarely  thoronghly  developed  until  the 
animal  has  reached  its  full  maturity."  Sponffiada  (Ray  Soc.)  vol.  i.  p.  3.  **As  a 
l^eric  character,  form  is  inadmissiole,  inasmuch  as  each  variety  of  it  is  found  to 
j)revail  indiscriminately  in  genera  differing  structurally  to  tiie  greatest  poesihle 
uteBt/'    Jh'd.p,l66, 
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n,  has  been  long  felt  This  renders  it  desirable  to  discover,  in  the 
nuter  stracture,  characters  of  a  more  permanent  nature.  With 
jpect  to  the  living  sponges  this  has  indeed  been  done,  more  or 
is  sucoessf ally,  by  Dr.  Bowerbank.    He  finds  "  in  the  skeleton  and 

the  form  and  disposition  of  the  spicula,  characters  which,  bow- 
er Protean  the  form  and  colour  of  the  sponge  may  be,  can  always 

recognized  with  certainty."  Can  the  same  means  be  made  avul- 
le  for  the  extinct  species  ?  Obviously  there  will  be  many  difficul- 
8  in  the  way,  for  in  the  latter  we  have  to  deal  with  the  skeleton 
me,  modified  by  fossilization ;  whereas  in  the  former  all  the 
-uctures  are  in  a  condition  admitting  of  minute  investigation. 
)vertheless,  very  commonly  enough  of  the  minute  structure  can 

made  out  in  the  fossil  to  render  it  a  most  important  means  of 
ioriminating  the  species.  The  external  appearance  is  all  but 
lueless  for  this  purpose. 

n.  Prior  to  the  time  of  D'Orbigny,  no  attempt  had  been  made  to 
stematize  the  genera  established  by  Lamooreux,  Goldfuss,  De 
ainville,  Michelin,  .Reuss,  and  others.  M.  D'Orbigny,  however, 
nceiving  that  the  fossil  sponges  had,  for  the  most  part»  an  organi- 
tion  entirely  distinct  from  that  of  the  recent  species,  divided  De 
Ainville's  class  Amobphozoa  into  two  orders,  vis.,  the  homy  and  the 
my  sponges.  The  former  contained  but  a  aingle  genus,  Cliona: 
e  latter  he  subdivided  into  five  families,  based  entirely  upon 
temal  characters,  viz.,  1.  the  OceHarida  ;  2.  the  SiphorUdcB ;  3.  the 
ftanoreida ;  4.  the  Sparai^pongidcR ;  and  5.  the  AmorphoapongidcR. 
:  the  same  time  he  proposed  many  new  genera.  These  were  con- 
ituted  partly  of  speciea  which  had  been  distributed  by  his  pre- 
ooMorH  among  genera  established  on  recent  forms  by  Lamarck  and 
bweigger,  and  adopted  for  fossil  species  by  Dr.  Gh)ldfuss. 
Piotet^^  and  more  lately  De  Fromentel,'  have  followed 
^Orbigny  in  the  view  which  he  took  respecting  the  stony  character 

the  skeleton  of  the  fossil  sponges.  The  Petrospongida  of  Pictet, 
id  the  Spongitaria  of  the  Fi^Bnch  author,  correspond  to  the 
imorphozoaires  d  squelette  teatacS'*  of  D*Orbigny.  M.  Etallon 
BO  entertains  the  same  view.  He  includes  among  the  fossil  homy 
onges  none  but  the  Clionida;  and  in  speaking  of  the  Petro- 
ongida  observes  that  the  skeleton  is  solid,  "like  that  of  the 
>AKTHABiA,  and  formed,  doubtless,  in  the  same  manner."^  In  fact 
>arly  aU  authors,  with  the  exception  of  MM.  Gapellini  and 
igenstecher,^  appear  to  entertain  similar  views  respecting  the 
kture  of  the  skeleton  in  this  large  group  of  fossil  species. 

D'Orbigny*  and  De  Fromentel*  maintained  that  ttie  fossil  sponges 
id  originally  a  solid  unyielding  skeleton.    This  opinion  was  partly 

>  Pal^ont.,  iy.  2nd  ed.  >  E'ponges  Fossiles,  1859. 

*  ClaflBification  dee  SpongiaireB  du  Haul  Jura,  and  Ftudea  Pal6ont.  tnr  le  Haut 
ira,  p.  139. 

^  MikroskopiBche  Untenuchnngen  ueber  den  innern  Baa  einiger  foesilen  Schwamme 
W.  Z.,  etc. 

B  M  Qu'iig  n'ont  jamais  6t6  cornea,  mais  que  leur  tissa  k  toujoun  M  cakaire  et 
erreoBe."    Coon  Elementaire  de  Pal^ontolog;le,  torn.  iL  '^^  1Q%. 

•  /.  e,,  p»  6. 
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based  on  the  supposition  that  they  wonld  not  otherwise  have  esosped 
compression,  and  partly  on  the  circumstanoe  that  Poltzoa,  Ssrpsfo, 
Ostreida,  etc.,  frequently  found  attached  parasitically  to  the  surfiMe 
of  the  sponge  have  been  observed  to  exhibit  the  worn  appeamioe 
produced  by  the  rolling  of  hard  bodies  on  the  sea-bed.  Moreow; 
they  say  that  compressed  specimens  show  more  or  less  distinetly  the 
signs  of  fracture.  But  while  this  may  be  true  of  some  of  thoie 
sponges  that  had  a  solid  siliceous  framework,  it  certainly  is  not  gene- 
rally the  case,  and  examples  of  HtppoftmiM,  IiehadUe9,  MarUeria^  and 
many  other  sponges  more  or  less  distorted  by  compression,  are  sidB- 
cienUy  abundant.  That  they  should  not— especially  the  cup-shaped 
sponges — be  more  often  compressed  than  they  are  may,  perhaps,  he 
a  matter  of  surprise.  ^But  this  is  probably  due  to  the  circnmstsooe 
that  the  fine  muddy  sediment  in  which  they  were  entombed  had  so 
insinuated  itself  into  the  interspaces  of  the  sponge  as  to  afEbid  an 
equal  amount  of  support  on  all  sides.^  Moreover,  some  further 
explanation  will  suggest  itself  when  speaking  of  the  sponges  of 
Farringdon,  and  the  manner  in  which  fossiUzation  of  the  sponge 
appears  to  have  often  taken  place. 

Whether  Polyzoa  and  other  parasites  are  really  more  frequent  on 
the  fossil  than  on  the  recent  sponge  is  a  question  I  am  not  prepared 
to  answer.  But  M.  De  Fromentel  is  certainly  not  correct  in  sav- 
ing that  they  never  occur  upon  recent  sponges ;  and  veiy  frequently 
the  adhesion  of  the  parasite  to  the  fossil  sponge  is  more  apparent 
than  real,  being  produced  solely  by  the  cementing  influence  of 
foBsilization,  and  by  the  nature  of  the  matrix  in  which  they  are 
embedded.  In  any  case,  unless  the  Polyzoa  grew  upon  dead  indi- 
viduals, the  nature  of  the  skeleton  could  have  had  no  influence  upon 
the  parasite,  as,  whatever  it  may  have  been,  it  was  equally  invested 
by  the  sarcode  of  the  animaL  That  the  Serpulee  and  Ostreidse  some- 
times became  attached  to  the  sponge  while  living  is  apparent  from 
their  having  become  partially  embedded  in  the  sponge  tissue  which 
has  grown  over  them*;  but  it  is  so  also  with  recent  sponges :  and  as 
regards  the  worn  appearance  of  the  parasites  and  other  foreign 
bodies  occasionally  found  attached  to  the  sponge,  it  is  quite  possible 
that  they  may  have  undergone  attrition  before  they  became  adherent; 
and,  moreover,  the  fossil  itself  may  have  been  derived  from  pre- 
existing deposits,  as  were  the  Oolitic  forms  found  in  the  gravele 
of  Farringdon. 

But  there  is,  in  fact,  no  real  ground  for  assuming  with  D'Orbigny 
and  others,  that  the  skeleton  of  the  fossil  sponges  was  neoesssirily 

^  The  comprenion  often  obserrod  in  fossils,  especially  those  of  the  older  rocks,  is 
probably  due  to  the  wineeimg  to  which  they  have  been  subjected  in  the  chanee  of 
position  and  contortion  of  the  beds  in  which  they  occur,  rather  than  to  the  dead 
weight  of  the  superimposed  sediment  It  is  now  well  known  that  Starfish  and  other 
soft  animals,  eyen  at  the  great  depths  of  mid-ocean,  are  not  compressed,  owing  to  the 
pressnre  being  applied  equally  on  all  parts.  Prof.  Sars  dredged  sponges,  actinosoa, 
true  molluscs  and  worms  at  a  depth  of  800  fathoms ;  and  the  SwMish  deep-sea 
dredffings,  in  the  expedition  to  Spitsbergen,  brought  up  Crustacea,  moUusca,  and 
^gBJoehdi,  at  depths  of  from  6000  to  S400  feet  (Quoted  m  InUlUetuMl  0b9erver  for 
Oimber,  1866,  p.  400,  from  Annah  of  Nat.  History. 
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ways  solid  and  resistiDg,  like  that  of  the  reoent  DactjfloealyXt 
atoh.,  the  Farrea  of  Bowerb.,  eto.  Many  of  the  siUoeons  sponges 
»  doubt  were  so ;  but  as  regards  the  CAlcareous  ones  it  may  be 
isenred  that  among  reoent  speoies,  aooording  to  Bowerbank, 
Carbonate  of  lime,  as  an  element  of  the  skeleton,  is  known  only 
the  form  of  spioula."  ^  In  some  oases,  as  will  be  shown  hereafter, 
e  fibres  or  twigs  were  originally  complex,  formed  of  bundles  of 
icnla,  like  the  twigs  in  many  of  the  reoent  species,  and  were  after- 
firds  consolidated  more  or  less  completely  by  the  fossilizing  process, 
it  there  is  no  evidence  that  in  others  it  may  not  hare  been  keratose, 
ther  with  or  without  the  accessory  spicula.  Some  of  our  reoent 
»niy  sponges  are  not  less  resistant  than  the  solid  siliceous  fibrous 
edes,  and  are  certainly  less  friable.  In  the  fossil,  however,  the 
»niy  fibre  is  replaced  by  silica,  lime,  or  iron.  That  the  tissue  in 
e  fossil  is  not  identical  with  that  of  the  original  sponge  may  be 
ferred  from  the  circumstance  that  we  commonly  find  all  the  sponges 
}m  one  locality,  or  one  deposit,  in  the  same  mineral  condition.  Thus, 
I  those  from  the  Oarboniferous  Limestone  of  the  Great  Orme's  Head 
B  silicified ;  but  so  also  are  the  associated  Zoophytes,  Conchifera, 
d  Oasteropods,  etc.  All  the  sponges  from  the  Farringdon  Green-sand 
s  calcareous,  while  those  of  Warminster  are  all  siliceous.  The 
onges  of  the  English  Oolite  are  all  calcareous :  those  of  the  Chalk 
8  either  silicified,  or  else  in  the  state  of  moulds  or  casts,  the  walls 

which  are  stained  with  peroxide  of  iron.' 

It  has  been  thought  that  the  iron-staining  of  the  moulds  and  their 
filling  with  pyrites  renders  it  probable  that  in  the  original  sponge 
a  fibre  was  keratose.  That  in  tiie  homy  sponges,  pyritous  oasts  may 

more  frequent  than  in  the  others  is  nighly  probable,  but  the 
lount  of  sulphur  in  the  keratose  is  far  too  small  to  enter  into  oom- 
nation  with  all  the  iron  in  the  cast  in  accordance  with  the  theory 
iplied ;  and  assuming  that  the  original  skeleton  of  the  sponge  was 
iratose,  there  is  no  reason  to  suppose  that  the  mould  would  not  be 
ftUed  in  harmony  with  a  general  law,  t.«.,  the  cast  was  siliceous 
len  deposited  from  water  holding  in  solution  silica  rendered  so- 
ble  by  the  presence  of  lime  and  alkalies ;  calcareous  from  waters 
Iding  lime  in  solution  by  the  aid  of  an  excess  of  carbonic  add ; 
m  in  other  cases,  and  even  bisulphuret  of  lead  has  been  found 
placing  carbonaceous  matter  in  the 'plant  remains  of  the  Lias  of 
inraven.'  The  manner  in  which  the  mould  is  refilled  with  silica 
IS  precisely  similar  to  that  by  which  it  is  made  to  replace  the  car- 
nate  of  lime  in  the  tests  of  the  Mountain  limestone  moUusca  of 
s  Great  Orme*s  Head,  the  Portland  rocks  of  Tisbury,  or  the  Green- 
id  of  Blackdown.     The  Ostreidae  and  SerpulsB,  and  other  parasites 

'  /.  c.  p.  164. 

'  Both  Isehadiiet  and  Ptyhtpongia  occurred  to  Eichwald  sometimea  calcified,  and 

ledmes  converted  into  biaul^hnret  of  iron,  more  or  leea  perozidized.    Hia  Manon 

orms,  from  Gherikoff,  waa  ailidfied,  while  the  examplea  of  the  same  spedea  from 

I  enyirona  of  Poulkowa  were  aU  calcified.    Zethaa  Bouieay  p.  339.    Itckaditet 

mijifii  occnn  in  onr  Britiah  Upper  Silurian  rocks,  both  as  a  calcareoua  aad^v^^ 

itixed  fbasiL 

'  J>e  la  Beebe,  Mem,  OeoL  8urv.,  roL  i.,  p.  278. 
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attached  to  the  surface  of  the  Warminster  sponges  are  frequently, 
like  the  sponge  tissue,  in  the  condition  of  siliceous  casts.  As  shown 
by  Liebig/  silica  when  long  in  contact  with  lime  in  alkaline  solu- 
tions becomes  soluble,  and  hence  it  is  that  we  so  often  find  the  spongei 
of  the  Chalk  encased  with  silex,  or  with  the  interstices  filled  with  a 
more  or  less  porous  mass  of  the  same  material,  which  is  altogether 
adventitious  to  the  sponge  tissue.  In  a  similar  manner  the  mould 
may  be  refilled  with  carbonate  of  lime.  On  the  other  hand,  an 
originally  calcareous  sponge  may  become  converted  into  a  siliceooi 
fossil,  as  we  see  in  the  case  of  the  moUusca  of  the  Great  Orme'i 
Head  and  elsewhere,  and  that  an  interchange  of  this  kind  has  actnslly 
taken  place  seems  necessary  to  explain  me  fact,  that  siliceous  and 
calcareous  sponges  are  not  usually  found  associated  in  the  same  spot 

That  the  calcareous  sponges,  those  of  the  English  Oolite  £)r 
instance,  are  merely  casts  of  the  original  structure,  may  be  shown  in 
another  way.  If  then  sections  of  the  fibres  be  made  suffioiendy 
translucent  for  the  employment  of  a  quarter-inch  power  of  tlM 
microscope,  it  will  be  seen  that  the  fibre  has  often  the  asbestiform 
structure,  radiating  at  right  angles  from  a  central  axis,  peculiaihr  a 
mineral  arrangement,  and  especially  of  carbonate  of  lime.  The 
structure  of  true  sponge  fibre  on  the  contrary  is  conoentria  The 
preservation  of  the  sponge,  therefore,  in  its  fossil  state,  depends 
very  much  on  the  nature  of  the  sediment  in  which  it  is  embedded, 
and  on  the  mode  of  its  entombment.  Hence  they  are  met  with 
but  rarely  in  stiff  argillaceous  deposits ;  and  although  abundant  in 
Mesozoic  times,  they  are  absent  from  all  the  clayey  members  of 
the  series,  such  as  the  clays  of  the  Lias,  and  the  Oxford  and 
Kimmeridge  Claj^s ;  yet  they  occur  in  continental  beds  of  cor- 
responding ages,  but  differing  in  lithological  character.  At  the 
same  time  it  is  possible  that  the  muddy  waters  of  the  seas  in  which 
these  deposits  were  thrown  down  may  have  been  ill  adapted  to  the 
well-being  of  the  sponge,  nevertheless  they  are  met  with  in  the 
Lingula  Flags,  and  in  the  Upper  Silurian  Shales. 

The  condition  of  the  sponges  of  the  gravel  pits  of  Faningdon  is 
remarkable,  and  may  perhaps  tend  to  throw  some  light  on  the  mode 
in  which  fossilization  of  the  sponge  takes  place  in  oaloueous  and 
such  sandy  deposits  as  contain  lime ;  and  help  to  explain,  in  some 
manner,  the  absence  of  compression  in  the  fossil.  Every  twig  of 
the  sponge  presenting  a  free  surface  throughout  its  entire  thickness, 
is  invested  by  a  thin  coating  of  minute  dog-tooth  crystals  of  car- 
bonate of  lime,  forming  a  complete  crust  over  the  fibre,  much  in  the 
same  manner  as  moss,  etc.,  is  encrusted  by  a  calcareous  spring. 
These  crystals  seldom  exceed  yf^  of  an  inch  in  height,  the  average 
being  about  -yj^  of  an  inch,  or  even  less ;  and  on  their  surface  they 
are  slightly  tinged  by  peroxide  of  iron.  All  the  other  fossils  of  the 
same  locality  are  similarly  coated  with  these  minute  crystals,  even 
to  the  interior  of  the  cells  of  the  Polyzoa.  When  slightly  acted 
upon  by  dilute  acids,  the  crystalline  layer  is  removed,  and  the  cast 
of  the  sponge-fibre  exposed ;  but  if  the  action  of  the  acid  be  oon- 
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med,  the  whole  is  dissolved  usually  without  leaving  any  trace  of 
iceous  spicula. 

The  sand  and  gravel  in  whioh  these  fossils  are  embedded  are 
>8ely  cemented  by  carbonate  of  lime,  and  it  is  by  no  means  certain 

what  period  after  the  sponges  were  entombsd  this  coating  of 
ystals  was  deposited  upon  them.  But  it  is  quite  possible  that 
mething  similar  to  what  has  taken  place  in  these  Faningdon  fossils 
ay  occasionally  occur  in  other  cases  as  a  preliminary  to  fossiliza- 
>n,  in  consequence  of  the  sponge,  deprived  of  its  sarcode,  having 
ng  soaked  in  water  charged  with  carbonate  of  lime. 
The  ordinary  mode  in  which  fossilization  takes  place,  however,  is 

one  of  the  two  following  ways  :  either  the  sponge,  after  the  de- 
ruction  of  its  sarcode,  becomes  infiltrated  by  fine  sediment  which 
mpletely  fills  up  the  interstices,  and  forms,  as  it  were,  a  mould  of 
e  sponge  skeleton  in  which  tiie  fossilizing  process  takes  place ;  or 
e  sponge  is  simply  buried  in  the  deposit,  whioh  forms  a  nidus 
»out  it,  filling  perhaps  the  tubules  and  oscular  passages,  or  even 
e  superficial  parts  of  the  tissue,  but  leaving  the  latter  for  the  most 
}xt  open  and  pervious,  into  which  mineral  matter  is  carried  in  solu- 
)n,  and  there  deposited.  The  result  of  iMs  may  be,  either  to  fill 
}  the  interspaces  entirely,  or  merely  to  encrust  and  consolidate  the 
yres  as  in  the  sponges  of  the  gravels  of  Farringdon ;  but  in  either 
se  there  is  formed  around  the  fibre  or  twig,  a  mould,  in  which  the 
Bsilizing  process  takes  place,  which  is  the  same  precisely  as  that 
hich  is  known  to  take  place  in  fossils  generally,  viz.,  the  removal 

iiie  original  material  of  the  skeleton,  and  its  replacement  by 
other.    These  changes  are  greater  and  more  complete  in  proportion 

the  antiquity  of  the  deposit  in  which  the  fossil  occurs. 

{To  be  concluded  in  our  next  nun^er,) 


V. — ^On  Certain  Lithodomous  Pbbfobations  in  Debbyshibe.^ 

By  the  Rev.  T.  G.  Bonnbt,  M.A.,  F.G.S. 

"N  the  Geological  Magazine  for  1870  (VoL  VII.,  p.  267),  I 
.  published  a  brief  account  of  some  burrows  in  Derbyshire ; 
le  group  of  which,  at  the  bottom  of  Miller's  Dale,  and  on  a  scarp 
'  rock  which  was  probably  artificial,  appeared  to  me  wholly  irre- 
tncilable  with  the  theory  which  attributes  them  to  the  action  of 
kolades.  This  conclusion  was  questioned  by  Mr.  E.  Brown  (Obol. 
!ag..  Vol.  Yn.,  p.  585),  who  had  visited  the  spot,  and,  failing  to 
id  the  burrows  in  question,  was  of  opinion  that  I  had  mistaken 
bed  of  toadstone  in  the  vaUey,  for  **  limestone,  and  the  vesicular 
.vities  therein  for  the  borings  of  animals."  Fortunately,  in  expeo- 
tion  of  some  controversy,  I  had  carried  away  a  specimen,  which 
ifficed  to  demonstrate  (Oeol.  Mag.,  Vol.  Vlll.,  p.  40)  that  I  really 
lew  limestone  from  basalt.  Wishing,  however,  to  see  whether  by 
me  inadvertence  I  had  not  quite  clearly  described  the  locality,  or 
the  rock  had  been  defaced  after  my  visit,  I  returned  thither,  in  the 
aster  vacation  of  the  present  year,  with  the  folIowin:gt^\3i\»\ 

>  Bead  before  the  Cambridge  FhiloMphieal  Society,  Ai^Til  %%  \WL. 
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From  Miller's  Dale  station,  a  few  minutes'  walk  brought  me  down 
to  the  side  of  the  river  Wye,  which  is  crossed  by  the  railway  on  i 
high  viadoot  A  short  distance  down  the  stream  we  pass  a  miD, 
where  a  stream  from  Monk's  Dale  enters  the  Wye,  and  then  oome  to 
a  small  inn ;  and  a  little  beyond  this,  on  the  left-hand  side  of  the 
road,  are  the  barrows  in  question.  They  oocur  at  intervals  on  a  low 
scarp  of  rock,  precisely  as  I  described  them ;  and,  though  not  m 
large  or  so  abundant  as  I  have  seen  them  elsewhere,  are  saffideiiUy 
characteristic  to  be  beyond  all  doubt 

On  referring  to  my  previous  account  of  the  position  of  then 
burrows,  I  find  it  is  perfectly  correct;  except  that  I  should  hxn 
called  the  inn  <<  The  Anglers'  Rest "  instead  of  <<The  An^cm,"  and 
have  written  **  rather  less  than  a  hundred  yards  beyond  which,"  lor 
"  about  a  hundred  yards,"  etc.  From  the  inn-door  it  is  about  ei^^- 
six  paces  to  the  first  group ;  near  it  is  a  tree  (ash),  growing  jiut 
above  the  scarp,  and  about  eight  paces  further  on  is  another  larger 
ash-tree,  near  to  which  are  some  more  burrows.  One  or  two  buihM 
intervene,  and  burrows  may  be  seen  here  and  there  between  the 
above-named  groups.  There  are  some  twenty  in  all,  but  I  did  not 
count  them  carefully.  The  road  is  from  two  to  three  yards  above 
the  stream  (the  Wye),  as  near  as  I  can  guess  it ;  and,  after  a  oareful 
examination  of  the  locality,  I  am  now  convinced  that  this  road  must 
have  been  excavated  out  of  the  lull-side,  and  so  the  scarp  of  lime- 
stone in  its  present  condition  is  artificial.  From  the  larger  tree  to 
the  first  spot  where  the  toads  tone  appears  is  about  130  steps ;  but  it 
is  only  exposed  for  a  very  short  distance,  and  the  princijMd  mass  is 
somewhat  further  down  the  dale. 

I  next  proceeded  to  search  the  neighbourhood  much  more 
thoroughly  than  I  had  thought  needful  on  the  previous  occasion. 
Between  the  aforesaid  ash-tree  and  the  inn  is  a  small  orchard,  planted 
on  the  sloping  bank  between  the  above-named  road,  and  another 
which  branches  off  near  at  hand,  and  goes,  I  believe,  over  the  hills 
to  TideswelL  This  grassy  slope  is  broken  by  a  small  reef  of  lime- 
stone, the  upper  slab  of  which  projects  a  foot  or  so,  and  is  polished 
by  the  friction  of  sheep's  baoks.^  It  is  about  four  yards  nearer  the 
inn  than  the  smaller  tree,  and  five  yards  up  the  bank.  The  under 
side  of  this  projecting  slab  is  pierc^  by  many  burrows ;  some  of 
which  are  full  two  inches  deep  and  three-quarters  of  an  inch  wide. 
Again,  between  the  larger  tree  and  the  first  boss  of  toadstone,  about 
thirty-eight  paces  from  the  former,  and  on  the  sloping  bank — some 
five  feet  below  the  wall  of  the  upper  (Tideswell)  road,  and  twenty- 
five  above  the  lower  (exactly  above  a  ruined  sheep-pen  by  the  side 
of  the  Wye) — is  a  projecting  block  of  limestone,  about  two  feet  high, 
with  nearly  twenty  burrows ;  three  of  these  contained  very  old  d^ 
shells  of  Ifeltx  nemorali$  cemented  into  them. 

Again,  a  few  yards  beyond  the  first  appearance  of  the  toadstone. 
and  about  forty  feet  up  the  bank,  several  bolder  difis  break  out ; 
on  one  of  the  nearest  of  which  an  ash-tree  is  growing.  Here,  also, 
^mrrows  are  abundant 

'  See  M  fimilar  case  described  by  Mx.  B^ie,  Gioi..  l&.k^.,\QL  VIL^  i^,  5. 
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fter  this  I  searched  no  more  in  Miller's  Dale,  bnt  went  on  by  the 
3,  until  I  came  to  Ihe  entrance  of  Tideswell  Dale,  up  whioh  I 
led.  After  walking  about  a  third  of  a  mile  (some  300  yards 
1  the  sharp  turn  where  we  lose  sight  of  the  entrance  to  the  dale), 
Mi  of  limestone  rose  from  the  roadside  on  the  right  bank,  and 
nted  gradually  up  the  sloping  side  of  the  valley*  Here,  at- 
ted  by  the  appearance  of  the  rocks,  I  again  began  to  search,  and 
id  the  burrows  at  intervals,  commencing  a  few  feet  above  the 
I.  Some  4:0  feet  above  the  stream  rose  a  small  crag,  about  four 
high,  in  the  upper  part  of  which  they  were  very  abundiant ;  from 
I  detached  a  £uie  specimen,  which  I  have  placed  in  the  Wood- 
dian  MuseuuL 

then  walked  on  to  the  marble  quarry  mentioned  by  Mr.  Brown 
OL.  Mao.  Vol.  YII.,  p.  585).  Here  I  found  burrows  plentifrdly,  in 
B  of  limestone  projecting  from  the  hill-side  right  and  left  of  the 
rry,  and  nearly  on  the  horizon  of  the  marble-bed.  Again,  I  noticed 
Q  on  a  crag  just  off  the  road  on  the  left  bank  of  the  ^^tUey,  and  two 
three  hundred  yards  out  of  Tideswell.  Betuming  thence  I  fol- 
ed,  for  a  short  distance,  the  upper  road  on  the  right  bank  of  the 
ey ;  and  here,  shortly  before  coming  opposite  to  the  quarry,  I 
that  some  projecting  slabs  at  the  top  of  a  crag  by  the  roadside 
e  riddled  by  burrows.  Though,  owing  to  the  steepness  of  the 
ped  rock,  I  could  not  actually  reach  these,  I  could  see  them 
inctly.  I  have  no  doubt  that  had  I  continued  the  search,  I  could 
e  found  many  more.  Seeing,  then,  that  I  find  my  description  of 
locality  was  substantially  correct,  and  that  these  burrows  are  so 
f  abundant)  both  in  Miller's  Dale  and  Tideswell  Dale,  I  am 
ble  to  understand  how  it  was  that  Mr.  Brown  failed  to  find  them. 
Q  conclusion,  I  will  add  a  few  remarks  on  the  general  question 
Jie  nature  of  these  burrows.  Some  have  supposed  that  these 
»  are  the  result  of  weathering,  either  by  fossils  dropping  out  of 
matrix,  or  by  the  solvent  action  of  carbonated  water  drilling  the 
c — a  process  in  some  respects  analogous  to  the  formation  of  a  sand- 
3.  Now,  as  to  the  former  of  these  theories,  I  can  only  remark, 
;  in  all  the  cases  where  I  have  found  the  burrows,  fossils  are 
spicuous  by  their  absence ;  as  to  the  latter,  though  it  is  true 
;  we  often  see  forms  not  unlike  them,  and  though  in  some  of  the 
cs  in  which  they  occur  irregular  semi-tubular  hollows  are  com- 
i,-'though,  in  a  word,  we  occasionally  get  natural  forms  with  some 
imblance  to  the  burrows, — ^yet  I  think  no  one  who  has  seen  them 
arge  numbers  can  fail  to  be  convinced  that  they  cemnot  be  ac- 
ated  for  by  any  purely  chemical  theory.  I  believe,  however, 
:  the  burrower  has  sometimes  availed  itself  of  a  previously  ex- 
ig  depression.  I  may  observe  that  so  far  as  my  observations  at 
sent  go,  these  burrows  are  usually  found  in  a  very  pure  homo- 
eous  limestone,  with  a  marly  fracture  and  rather  chalky  surffitoe, 
which  is  nevertheless  very  hard.  So  marked  is  this  that  I  can 
n  tell  from  the  appearance  of  a  rock  whether  I  shall  or  shall  not 
[  burrows  in  it.^ 

For  eiuDple^  dming  «  hrief  yfrit  to  Cheddar  last  3\iScjfld^'nfi^iW(ins^'«^^ 
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Of  those  who  assign  to  the  burrows  an  organic  origin,  some 
attribate  them  to  the  work  of  Pholades,  others  of  Helices.  I  havs 
endeaTOured  in  these  communications  ^  to  shew  that  the  form,  direc- 
tion, and  position  of  the  burrows,  not  only  do  not  oomsponi 
with  those  of  Fholades,  but  also  are  such  that  it  is  impossible  that 
these  molluscs  could  have  excavated  them ;  and,  further,  that  the 
presence  of  these  burrows  almost  at  the  bottom  of  such  well-niaiked 
valleys  of  river  erosion  as  Miller's  Dale  and  Tideswell  Dale,  is  quita 
irreconcilable  with  any  '  marine '  theory.  They  must,  therefore,  be 
the  work  of  some  terrestrial  animaL  I  have  found  snaU-shelli 
abundant  in  their  immediate  neighbourhood,  dead  shells  in  evidently 
disused  burrows,  and  living  snails  in  those  which  presented  thB 
freshest  and  most  unweathered  surfaces. 

It  seems,  therefore,  only  a  fair  inference  to  consider  these  the 
work  of  Helices,  and  as  such  they  have  an  interest  rather  for  the 
zoologist  than  the  geologist. 

On  former  occasions  I  have  been  led  to  connect  Helix  adspena 
chiefly  with  the  burrows ;  but  on  this  I  noticed  that  the  burrows  as 
a  rule  were  of  rather  less  diameter  than  the  mcgority  of  those  at 
Llandudno  and  on  the  hill  behind  Matlock,  and  that  HeUx  nemoraUs^ 
(and  sometimes  H  lapicida^)  was  the  usual  occupant. 

Now  that  attention  has  been  drawn  to  them,  they  will  probably 
be  found  abundantly,  and  it  may  be  possible  to  discover  by  further 
observation  the  precise  mode  of  excavation,  whether  by  mere  friction, 
by  an  acid  secretion,  or  by  both  agencies ;  *  as  well  as  the  purpose  for 
which  they  are  made.  If  it  be  for  hybernation,  it  is  strange  that  the 
animals  should  take  this  trouble,  when  there  are  often  cracks  and 
recesses  near,  with  which,  had  the  rock  not  been  limestone,  they 
would  liave  remained  content. 


"\rr.— Notes   on   some  Valleys   of   Erosion. 

By  II.  Alletne  Nicholson,  M.D.,  D.  Sc,  F.R.S.E., 

Professor  of  Natural  Histor)-  and  Botany  in  University  College,  Toronto.* 

DURING  the  summer  of  last  year  I  had  the  opportunity  of 
visiting  various  localities  in  the  State  of  New  York  which  are 
of  great  geological  interest ;  and  I  was  particularly  struck  by  the 
numbers  of  valleys  which  are  exclusively  the  work  of  the  rivers  by 

quite  the  right  kind  of  rock,  and  onlj^found  two  or  three  hurrows — and  these  in  a 
boulder — that  satisfied  me.  It  will  not,  however,  surprise  me  if  thev  are  found 
there ;  for  I  had  other  matters  in  hand,  and  was  too  hurried  to  look  careftillv  for  them. 
Mr.  Main,  Lecturer  in  Chemistry  at  St.  John's  College,  Cambridge,  nas  kindly 
analyzed  for  me  a  fragment  of  the  limestone  from  Derbyshire.  He  finds  only  3*5 
per  cent  of  foreign  matter,  the  rest,  96*5,  being  carbonate  of  lime. 
1  Geol.  Mao.  Vol.  VI.,  p.  483 ;  VII.,  pp.  93,  267. 

*  The  same  species  is  described  as  tenanting  burrows,  especially  in  winter,  by  Mr. 
Hodgson,  JanuKotis  Edin.  Journal,  1846,  p.  396. 

3  Linna)us  gave  this  name,  I  find,  from  a  belief  that  it  bored  limestones.  Mr.  N. 
Goodman  informs  mc  that  the  burrows  at  Monte  Pellegrino  are  made  by  a  fourth 
species  of  Helix. 

*  See  for  a  fuller  discussion  of  this  a  paper  by  Mr.  Rofe,  Geol.  Mao.  Vol.  VII.,  p.  4. 
^  Read  before  the  Koyal  Physical  Society,  fe^Vsui^Vi,  A.'^ril  24th,  1872. 
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whidh  they  are  occupied,  as  compared  with  those  which  are  in  every 
way  caused  by  mechanical  disturbance  of  the  beds  through  which 
they  run.  The  great  Silurian  series  of  the  State  of  New  York  pre- 
sents an  appearance  which  at  first  sight  seems  most  anomalous  to 
one  who  has  been  accustomed  to  the  Silurian  districts  of  the  North 
of  England,  the  South  of  Scotland,  or  Wales.  In  place  of  having 
the  beds  dipping  at  high  angles,  contorted  and  folded  in  every  man- 
ner, repeated  or  abbreviated  by  faults,  the  Silurians  of  New  York 
are  found  succeeding  one  another  with  the  utmost  regularity,  for  the 
most  part  in  a  nearly  horizontal  position,  and  rarely  either  flexured 
or  interfered  with  by  dislocations  of  any  magnitude.  One  result  of 
this  state  of  things  is  that  the  rivers,  in  making  their  way  from  the 
high  grounds  to  the  sea,  have  mostly  cut  for  themselves  more  or 
less  profound  ravines,  which  are  generally  pure  instances  of  aqueous 
erosion ;  and  which  are  very  similar,  on  a  small  scale,  to  l^e  **  canons" 
of  Colorado  and  Nevada.  One  of  the  most  striking  instances  of 
these  valleys  of  erosion  is  to  be  found  in  what  is  known  as  "  Watkins 
Glen,"  in  Western  New  York,  a  now  famous  resort  for  lovers  of  the 
picturesque.  Watkins  Qlen  derives  its  name  from  the  town  of 
Watkins,  which  is  situated  at  the  head  of  Seneca  Lake  in  Schuyler 
County.  The  lake— which  is  about  forty  miles  in  length — ^runs  due 
north  and  south,  and  the  stream  which  forms  Watkins  Olon  runs 
nearly  due  east  and  west.  The  lake  itself  is  a  long  shallow  de- 
pression scooped  out  of  strata  of  Devonian  age,  which  strike  nearly 
east  and  west,  and  are  nearly  horizontal,  or  have  a  slight  and  almost 
imperceptible  dip  to  the  south.  It  follows  from  this  that  Seneca 
Lake  runs  at  right  angles  to  the  strike  of  the  beds  amongst  which 
it  is  placed.  On  the  other  hand,  the  lateral  streams  which  flow  into 
Seneca  Lake  from  the  east  and  west  run  more  or  less  accurately 
along  the  strike  of  the  strata  through  which  they  cut  their  way. 
Watkins  Glen  is  a  magnificent  example  of  a  ravine  which  has  been 
entirely  formed  by  the  stream  which  now  occupies  it,  and  it  is  only 
one  of  many  smaller  ravines  which  intersect  the  eastern  and  western 
shores  of  Seneca  Lake.  The  stream  in  summer  is  very  diminutive, 
but  its  dimensions  are  doubtless  very  considerable  when  swollen  by 
the  melting  of  the  snows  in  spring.  The  ravine  is  about  one  mile 
in  length,  and  in  this  short  space  the  stream  falls  no  less  than  four 
hundred  feet,  its  course  being  an  uninterrupted  succession  of  small 
cascades  with  intervening  rapids.  Small  as  the  actual  stream  is, 
the  dimensions  of  the  ravine  are  very  striking.  For  a  distance  of 
about  a  mile  the  stream  runs  between  nearly  vertical  walls  of  rock, 
which  vary  from  one  to  two  hundred  feet  in  height  The  breadth 
of  the  ravine  rarely  exceeds  forty  or  fifty  feet,  and  the  sides  are  for 
the  most  part  nearly  parallel  from  the  bottom  to  the  top,  showing 
that  the  action  of  the  stream  has  been  nearly  uniform  for  a  long 
period.  The  rocks  through  which  the  stream  cuts  belong  to  the 
Fortage  Group  (Upper  Devonian),  and  consist  of  dark  shales  and 
flagstones,  wluch  are  nearly  horizontal  or  have  a  slight  inclination 
to  the  south.  That  the  valley  is  one  of  pure  erosion  admits  of  t\$^ 
doabt,  for  the  beds  can  be  seen  crossing  unbiokeix  ixoixi  otk!^  ^\^  V^ 
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the  other,  whilst  the  bed  of  the  stream  is  often  the  onintermpted 
sar£su3e  of  a  single  stratum.  There  is,  therefore,  no  reason  to  oall  in 
the  aid  of  any  mechanioal  distorbanoe  to  aoooant  for  the  phenomeos 
of  Watkins  Glen.  There  is,  however,  a  marked  physical  peouliarity 
in  the  strata  of  the  Glen  apon  which  many  of  its  featares  oan  be 
shown  to  depend.  The  beds,  namely,  whilst  nearly  horizontal,  are 
intersected  in  the  most  regular  manner  by  two  sets  of  vertical  jointi, 
the  one  set  striking  N.  and  S.,  whilst  the  others  run  £•  and  W. 
These  two  sets  of  joints  are,  therefore,  perpendicular  to  one  another, 
and  they  divide  the  entire  mass  of  strata  iato  a  series  of  oblong 
blocks.  The  N.  and  S.  joints  are  placed  at  intervals  of  about  three 
feet  from  one  another ;  the  K  and  W.  joints  at  a  distance  of  five  or 
six  feet,  and  the  faces  of  both  are  approximately  vertical  Other 
irregular  joints  are  not  absent,  but  these  may  be  left  out  of  aooount 
As  I  have  before  remarked,  the  stream  runs  nearly  due  east  and 
west,  so  that  its  course  corresponds  with  the  one  set  of  joints,  and 
is  perpendicular  to  the  other.  The  efifect  of  these  joints  on  the  work 
of  erosion  is  readily  seen.  All  the  cascades  over  which  the  stream  is 
precipitated  are  formed  by  the  faces  of  the  north  and  south  aeries  of 
joints,  the  stream  gradually  cutting  back  from  the  face  of  one  joint 
to  that  of  the  next  On  the  other  hand,  the  bed  of  the  torrent  be- 
tween the  cascades  has  been  scooped  out  along  the  east  and  west 
series  of  joints.  The  rock  itself  is  so  uniform  in  character,  and  so 
devoid  of  alternations  of  harder  and  softer  beds,  that  there  can  be  no 
hesitation  in  regarding  the  above  as  the  true  explanation  of  the  for- 
mation of  this  wonderful  ravine. 

Very  dififerent  causes  have  been  at  work  in  the  formation  of  the 
well-known  gorge  of  the  Genesee  at  Rochester,  and  the  still  more 
celebrated  ravine  through  which  the  Niagara  Biver  cuts  its  way 
below  the  Great  Falls.  In  both  these  instances  we  have  examples  of 
gorges  which  owe  their  origin  to  the  action  of  running  water  upon 
beds  of  unequal  hardness.  At  Eoohester,  the  Genesee  Hiver  has 
made  for  itself  a  long  and  precipitous  ravine,  which  is  terminated  at 
the  city  of  Ilochester  itself  by  the  beautiful  Falls  of  the  Genesee. 
The  strata  through  which  the  river  cuts  have  a  slight  southerly  dip, 
and  the  stream  itself  flows  nearly  due  north,  so  tliat  its  direction 
is  at  right  angles  to  the  inclination  of  the  beds.  As  seen  immedi- 
ately below  the  Falls,  the  sides  of  the  gorge  are  seen  to  be  com- 
posed of  a  very  hard,  compact,  bluish  or  grey  limestone  (the  Niagara 
Limestone),  capped  by  a  mass  of  genuine  glacial  drift.  On  reaching 
the  bottom  of  the  ravine,  however,  the  Niagara  Limestone  is  seen  to 
be  underlaid  by  bluish-grey  fissile  shales  (the  Niagara  Shales),  re- 
plete with  Wenlock  fossils.  The  bed  of  the  stream  below  the  Falls 
is  excavated  in  these  comparatively  soft  shales  ;  and  it  is  over  the 
much  more  resisting  limestone  that  the  river  is  precipitated  to  form 
the  cataract.  The  action  of  the  stream  under  these  circumstances 
is  extremely  obvious,  and  has  been  repeatedly  pointed  out  in  the 
case  of  the  Great  Falls  of  Niagara.  The  stream,  namely,  gradually 
cuts  its  way  back,  by  constantly  wearing  away  the  soft  shales 
below  the  Fail,  and  thus  leaving  ^^  haxd  limestone  which  forms 


W.  T.  Black--' Cffwced  Boulders,  Edinburgh.  321 

the  lip  of  the  cataraot  witiiont  support.  In  this  way  great  masseB 
of  the  limestone  are  constantly  breaking  off  along  lines  of  jointing, 
and  the  Falls  are  gradually  receding  up  the  riYer,  and  the  length 
of  the  ravine  below  the  cataracts  is  constantly  being  increased.  If 
the  strata  through  which  the  river  cuts  were  quite  horizontcJ,  there 
would  be  no  limit  to  the  recession  of  the  Falls  and  to  the  length  of 
the  gorge  which  might  be  formed  in  this  way.  But,  the  strata  have 
a  slight  dip  in  the  opposite  direction  to  that  in  which  the  river  flows, 
or  in  the  same  direction  as  that  in  which  the  Falls  are  receding.  It 
results  from  this  that  when  the  river  has  cut  its  way  back  for  a 
oertain  distance,  the  conditions  of  the  case  must  change.  The  hard 
and  compact  limestone  which  now  forms  the  edge  of  the  Falls  will 
ultimately  come  to  form  the  bed  of  the  river ;  and  as  the  strata 
which  succeed  this  upwards  are  of  a  softer  nature,  the  place  of  a 
single  &11  with  a  long  ravine  below  it  will  finally  be  taken  by  a 
continuous  rapid  or  a  succession  of  minor  cascades.  As  has  been 
pointed  out  by  Hall  and  Lyell,  this  is  precisely  the  action  which  is 
going  on  at  the  Falls  of  Niagara,  but  upon  a  gigantic  scale.  I  have 
endeavoured  to  show,  however,  that  very  simileur  phenomena  may  be 
produced  under  very  different  conditions;  as  is  seen  in  Watkins 
Glen,  where  the  strata  through  which  the  stream  cuts  are  of  a  very 
uniform  nature,  but  are  regularly  intersected  by  two  sets  of  vertical 
joints  cutting  one  another  at  right  angles. 


VIL — Orooved  Bouldebs  in  Diluvial  Clay,  Watson's  Hospital, 

Edinburgh. 

By  W.  T.  Black,  Eaq. 

THE  excavations  for  the  foundations  of  the  new  Infirmary  in 
the  grounds  of  Watson's  Hospital,  Edinburgh,  have  disclosed 
several  Boulders,  which  appear  lying  in  the  Diluvial-clay.  This  is 
a  mcurly  clay,  and  has  been  dug  to  the  depth  of  about  five  feet,  in 
several  horizontal  terraces,  down  the  slope  from  north  to  south. 
These  Boulders  were  of  sufficient  size  to  be  left  behind  in  aiiu  by 
the  labourers,  and  about  six  large  ones  were  found  in  the  north  and 
twelve  in  the  south  area  of  the  sTounds.  They  were  of  trappean 
rock  chiefly,  being  rounded  on  th!  angles  and  sides,  and  of  a  dark 
green  crystalline  structure  internally,  A  large  one  in  the  north  area 
was  of  a  metamorphic  granitic  character ;  one  in  the  same  area  of  a 
buff-coloured  sandstone ;  and  another  in  the  south  was  composed  of 
the  same  rock,  and  grooved  also. 

The  grounds  are  in  the  form  of  an  unequal  quadrilateral  figure,  of 
the  mean  length  of  8o0  feet  and  breadth  of  750  feet,  and  are  divided 
into  two  areas  north  and  south  by  the  buildings  of  the  hospital. 

The  slope  of  the  grounds  of  Watson's  Hospital  is  towards  the 
iouUi,  down  to  the  Meadows,  from  Lauriston  Street,  on  the  north ; 
and  the  angle  may  be  about  2|°,  or  1  foot  in  20.  In  the  northern 
area,  the  dimensions  of  the  larger  granitoid  Boulder  (No.  2)  were 
1ft.  8in.  high,  211.  4in.  long,  and  its  horizontal  circumference  wa& 
7ft.  6in.,  and  the  depth  of  the  platform  it  was  fowwd  on  "w^kft  Vi'^  ^\xv« 
VOL,  jx, — NO,  xcni,  *I\ 
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Hill  to  the  west,  and  Arthur's  Seat  to  the  east,  which  are  greenstono 
eminences  not  far  distant. 

As  to  the  agent  prodacing  the  grooves,  the  general  impression 
from  their  up  and  down  hill  course  seemed  to  be  that  they  were 
oaiised  by  the  ploughshare  in  times  gone  by,  when  the  locality  might 
have  beein  under  cultivation  for  grass. 

The  probabilities  against  these  grooves  being  due  to  glacial  action 
reet  chiefly  upon  their  not  being  smoothened  or  polished,  and  their 
course  curving  over  the  rotundity  of  the  upper  surface  of  the 
boulders,  and  the  starting  of  some  channels  by  sudden  indents  in  the 
stones.  It  may,  however,  be  stated  that  the  overlookers  on  the 
works  think  that  some  of  the  boulders  lie  too  deep  to  have  been 
marked  by  the  old  kinds  of  plough,  and  that  these  lie  also  in  undis- 
turbed subsoil,  below  the  loam  on  the  surface.^ 

The  evidence  on  this  subject  indicates  that  No.  1  grooved  Boulder 
and  No.  2  were  both  about  three  feet  below  the  surface,  No.  10  was 
one  foot,  and  No.  11  was  eight  inches ;  while,  again,  Nos.  7  and  8 
grooved  Boulders  just  appeared  on  the  level  of  the  original  slope  of 
the  ground. 

The  Secretary  of  the  Institution  has  informed  me  that  the  grounds 
have  not  been  used  for  agricultural  purposes  since  the  building  of 
the  Hospital  in  1738.  Previous  to  that  event  it  was  common  land, 
called  Heriot's  Croft,  and  was  probably  meadow  land  when  pur- 
chased by  Watson's  Trustees  from  those  of  Heriot's  Hospital. 


I. — Memoirs  of  the  Geological  Survey. 

W"E  have  much  pleasure  in  stating  that  Part  I.  of  the  Memoir 
by  Mr.  W.  Whitaker,  B.A.,  F.G.S.,  on  the  Geology  of  the 
London  Basin,  has  just  been  published.  It  occupies  over  600 
pages,  and  includes  an  account  of  the  Chalk  and  the  Eocene  beds  of 
the  Southern  and  Western  Tracts,  lying  in  the  counties  of  Berks, 
Bucks,  Essex,  Herts,  Kent,  Middlesex,  Surrey,  eta,  with  parts,  by 
H.  W.  Bristow,  F.R.S.,  Director,  T.  McK.  Hughes,  M.A.,  F.G.S.,  and 
notes  from  other  members  of  the  Geological  Survey  of  England. 
We  hope,  in  a  future  number,  to  give  a  more  extensive  notice  of  Mr. 
Whitaker's  work,  which,  from  the  amount  of  detailed  information  on 
the  Geology,  together  with  the  appendices  on  the  Bibliography,  Well 
Sections,  and  Fossils,  cannot  fail  to  be  of  great  practi^  as  well  as 
scientific  value. 

1  An  eminent  Scottish  Geologist  writes  to  the  Editor  that  "  the  true  elacial  BtrisD 
in  the  neighbourhood  of  Edinburgh  all  go  from  west  to  east ;  whereas  the  direction 
of  the  stnaB  on  the  erratics,  examined  by  Mr.  Black,  appear  to  go  from  north  to 
■oath.*'  This,  he  thinks,  "  looks  like  the  pl^jugh.'*  *'  Striated  pavemeuta  of 
Boulders,**  he  adds,  "  are  great  rarities  ;  Hugh  Miller  has  recorded  a  single  instance." 

LyeU*8  Elementary  Geology,  p.  147.    Chambers'  Papers,  Proceed.  EoysI  ^w,»  v^i 

Edinlmrgfa,  April  20th,  1857. 
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aharaoter  of  tlie  air  in  aill  parts  of  tbe  pit^  and  pOBsibly  in  causing  an 
»JCpl6sion  in  a  place  wbicjt  Would  hate  temained  safe  had  the  ven- 
alating  current  itself  remained  pure.  It  was  shown  how,  when  an 
lacplosiye  mixture  had  been  formed  in  places,  and  under  conditions 
Bimlar  to  those  described,  some*  time — ^possibly  several  days — must 
dapse  before  the  contents  of  such  an  accumulation  of  dangerous 
gases  shall  have  been  rendered  innocuous  agaim 

The  effect  of  warm  weather  in  stopping  natural  ventilation  was 
ncplained,  the  natural  temperature  of  a  mine  of  a  depth  of  50  fathoms 
being  56  degrees,  that  of  one  of  tbe  depth  of  200  fathoms  70  degrees, 
md  so  on.  Speaking  generally,  it  was  shown  that  if  the  temperature 
if  the  air  rose  ta  55  degrees,  natural  ventilation  must  cease  in  shallow 
pits;  and  similarly  in  other  cases.  Accordingly,  if  a  warm  day 
xxsurs  in  the  cold  season  of  tbe  year,  and  the  furnaces  are  i^ot  in 
lotion,  an  explosion  is  very  likely  to  occnr. 

These  statements  were  illustiafted  by  one  instance  of  a  fatal  ex- 
plosion, the  cause  of  whidi  had  been  declared  by  the  inspector  to  be 
bexplicable,  the  pit  havii^  strong  natural  ventilation,  it  appeared, 
tiowever,  that  the  explosion  occurred  on  a  warm  day,  while  the 
inspector  visited  it  twice*  on  colder  days  after  the  explosion,  so  that 
tlie  state  of  ventilation  which  he  witnessed  bad  no*  reference  to  that 
vrhich  must  have  prevailed  when  tbe  accident  happened. 

The  paper  concluded  by  stating  that  it  appeared  that  the  evidence 
birly  justified  the  view  that  meteorological  changes  were  the  proxi- 
mate causes  of  most  of  the  accidents,  it  being  remembered,  as  has 
before  been  observed,  that  the  records  contain  no  account  of  the 
number  of  times  when  the  pits  have  been  toe  dangerous  for  the  men 
to  go  down^  and  so  explosions  have  not  happened.  Whatever  be 
the  meteorological  changes,  it  is  absolutely  necessary  to  keep  a  most 
oaieful  watch  over  the  amount  of  air  passing  through  the  workings. 

Thirty  years  ago,  George  Stephenson  said,  in  a  letter  to  the  South 
Shields  Committee,  referring  to  explosions — ''Grenerally  speaking, 
there  has  been  some  fault  in  the  ventilation  of  the  mines  when 
accidents  have  happened,"  and  the  same  opinion  is  held  by  many  of 
the  most  experienced  authorities  at  the  present  day.  In  this  matter 
the  one  cry,  whether  we  look  to  security  against  explosion,  or  to  the 
affording  to  miners  an  atmosphere  which  they  can  breathe  without 
injury  to  health,  is — "  More  air," 
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AGAIN  it  is  our  pleasant  task  to  record  the  issue  of  another 
annual  volume  of  the  publications  of  this  most  useful  Society, 
which  devotes  its  funds  to  the  illustration  of  British  fossils  of  all 
ages,  and  has  already  issued  many  monographs  and  hundreds  of 
plates  of  Mammals,  Beptiles,  Molluscs,  Crustacea,  Echinodermata, 
Badiata,  Fossil  plants,  etc.,  etc. 

»  The  notice  of  rol  xiiv,,  issued  for  1870,  will  be  {o\Uid.  m  \)Si»  Qi^m^'^Ka^'k 
VcL  VJIL,  1871,  p.  176. 


Ti4  T  ".-—-r  lef-Tr  -«  >:-":.uns  :'::•*  frU:- wing  parts: — 
:    71-  r.  n   ::    .1-   •.iri.rrifrri-s  S-rrji.     Part  HI.     By  E  W. 

1.1:- fT  F.E.S-  F.G.5-     rr.  t^^^i^.     pi.  xiiL— xriiL 
-1.  T-T    r  •-'.i:   Mrr:-^-  — ita.      Pir:   in.      By  Henry   Woodwml 

F  •>  S..  t:-:.  tt.  71-1:?.'.     pi  iri.-xx. 
;;.  -:- :  1-    -: ::  '1^  Cri^  MrLTs-ra.    P^rt  I.    Bt  Searies  V.  Wood, 

F.'  -  S.    T7.  l->?-    J  I.  L-viL    Ti-jeiLer  with  an  Introdnctoiy 

•i-'liiL-r     :  "ii-r  «>ii-!:'r«"  ■::  :b*  same  District,  with  a  Hapi 
T    S.    V.  W:..:.  -::£.■  F.G-S..  and  F.  W.  Harmer,  F.G& 

4.  Si:f:r-rr.:   :■:    :lir  K^r-ilh   cf  the  Wealden.     (Xo.  IV.)    By 

Pr.:.  »I^rr..  F.E.S.     pr.  1-15.     pL  L-iii. 
•'.  r  T  PlTisT-r-r-^r  31.-=:-v:i     Part  TV,     Bv.W.  Bord  Dawkisi, 

M.A..   F.F..S..  -::e..  ir.i  W.  Ay shfoid  Sanfotti, '  F.G.S-    pp. 

177-1  .•4.     rl  xxiv.  ini  xxv. 
•:..  Ti^r  F:^>: :c::.4   Mi^i-iliA.     Part  V.     By  W.  Boyd  Dawldns, 

M.A..  Fj!t.S..  etc.  pp.  1-30.  pi.  L-v. 
1 .  In  Mr.  Einnrv"*  cirr-'-nrunrn  will  be  found,  besides  introductory 
rvr.  \rk*.  the  l::M>rriyhi«:^  l.-itory  and  general  observations  upon 
L-:  *'.'"-.  'r'-T*  rir.i  H-^li'iia.  tt'^gr^rher  with  descriptions  and  figum 
oi  *^'ro:~.rr.«  Drr-rTTei  TO  ifj'i'ft-ie'n'froii  ffarcoHriHf  Sigillaria  rosrs- 
<'?•■■?.  roil  n-il:'hi:%  rrvr»an>.  None  of  these  species  are  new  to 
«•  i-rr.  >? :  I  r*:  :h--  ]  I  i:e*  p rey^ire^-i.  for  the  most  part,  from  exquisite 
>'::::::«.  *:.  w::.^  :?.•:-  Tuior.Mr.iio  structure,  are  drawn  with  extreme 
s'-::l  ■  V  Mr.  J.  N.  ¥i'x\..  ■!*  ti.e  Roval  Botanic  Gardens.  Kew,  and 
v..'.  ::.-::r.:.-i:r.  the  a  :n-.ir;il'v  cV.incter  of  the  authors  monograph. 

'2.  Mr.  Wco  1  wAr-l  c*i.t:il  .res  another  porth?n  of  the  History  of  the 
Mtt  :•>:  r.:  At  ^.  wi.icl:  is  to  W  o»;  nipleted  in  the  4th  ivart.now  in  the  press. 

I:  i:..i".ie5  Pt'irKj'-t'.s  riini»'tjs  from  Lanarkshire,  seven  species 
Ir  Li.  the  n-riirhUurh  •■'!  i-f  Ludl.>w.  Kington,  eta,  given  on  the 
:ii*l*-  rlrv  of  Mr.  J.  W.  SiJtvr.  jviitl  a  full  account  of  SUmoiu'a  acuwi- 
it'iti.  one  of  ilie  m»st  perfect  forms  yet  discover(>d  in  the  Upper 
Silurian  of  I-05iual;ai:«:'W.  A  nearly  entire  example  of  this  species, 
mo'is'irir.o:  -*>^  inches,  fi,;j:ure»l  of  the  natuml  size,  forms  the  subject 
of  oi;e  of  the  pluos  i pi.  xvii.  i.  An  outline  restoration  of  Sliawnia  is 
also  i^ven  cm  pi.  xx. 

3.  Mr.  Woo.rs  supplement  to  the  Crag  Mollusca,'  which  treats 
nuly  .»f  the  Gastero|vida  and  one  Pten>ixxh  is  preceded  by  an 
int'.-resrin^  notice  «if  liS  papes.  by  his  son  and  Mr.  Harmer,  on  the 
G*:ol»;j:y  of  the  Ui'j^er  Tertiaries  of  East  Anglia.  accompanied  by  a 
iiia]»  and  sections,  the  rt'sult  of  their  labours  in  the  Eastern  Counties 
f'^r  'several  years  past,  and  including  the  Coralline  and  Red  Crags, 
tlK-  ChillostV)rd  r>eds,  the  Forest  Beds,  the  -Lower.'  'Middle,*  and 
'Great'  Chalky  Clay,  or  *Upi>or'  Glacial  series,  together  with  remarks 
upon  lli(r  so-called  Plateau-gravel  and  Post-Glacial  formations. 

In  a  inono^aph  on  Crag  Mollusca,  the  addition  of  a  sketch  of  the 
jr^ological  relations  of  the  several  formations  enhances  greatly  the 
Yiihw  of  the  work  as  showing  the  true  geological  sequence  of  the 

^  Mr.  Wnrtd's  Ori'zinal  Moi\ov^^\v  oiv  \\i<i  Cx«^ '».Q^Ttt»^  «^fV*«^>»^  V%\T^  and 
formed  the  iint  publication  oi  W^Sa  bocVct^. 
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.rinta  from  which  the  fossils  were  obtained.  Mr.  Wood  describes 
;t  Aove  twenty  Mollusca  from  the  Crag,  which  are  either  new  addi- 
^p;|b>na  to  the  fauna  or  rectifications  of  others  already  named. 

3'    4.  Professor  Owen's  Monograph  is  devoted  to  a  description  of  the 

llpnies  of  the  fore-arm  and  paw  of  the  Iguanodorif  and  is  important 
ill  showing  that  what  was  considered  by  Dr.  Mantell  to  have  been 
'jbe  **  horn"  is  now  known  to  be  a  spur  attached  to  the  distal  end  of 
cjHie  radial  bones,  and  which  in  a  former  Monograph  Professor  Owen 
s-faferred,  from  its  unsymmetrical  character,  to  be  one  of  a  pair  of 

-Jbones  conjectured  by  him  to  be  ''phalangeal."  The  author  also 
;:illii8trates  the  bones  of  the  fore-foot  not  previously  described,  and 

whioh  "  give  evidence  that  the  fore-paw  was  pentadactyle,  and  that 
'i  the  terminal  phalanges,  at  least  some  of  the  toes,  were  short,  obtuse, 
-  xoQgh,  serving  for  the  support  of  homy  matter  in  the  shape  of  a 

lioof  rather  than  that  of  a  claw." 

5.  Messrs.  Boyd,  Dawkins,  and  Sanford  contribute  a  fourth  part 
of  the  British  Pleistocene  Felida,  including  the  character,  range,  and 
uaodated  animals  of  Felis  pardtis,  F,  coffer^  F,  catua,  and  Macha- 
rodtu  laUdens.  Of  the  six  species  of  Felida  noticed  in  this  and  the 
preceding  Monograph,  two  have  been  added  by  these  authoi-s  to  the 
catalogue  of  British  fossil  animals, — the  panther,  or  leopard,  and 
the  Fdis  caffer, — the  latter  of  these  having  been  hitherto  unknown 
in  Europe.  This  animal,  as  well  as  the  lynx,  panther,  wild-cat, 
Ftl\%  apelaa,  or  lion,  lived  during  the  Pleistocene  age. 

Macharodus  latidens  is  the  only  aberrant  member  of  the  Felidae  in 
Pleistocene  times  which  has  become  extinct.  To  account  for  the 
absence  of  the  Lion  in  prehistoric  times  in  Europe  (whereas  it  oc- 
curs both  in  the  Pleistocene  and  Historic  periods),  Mr.  Dawkins 
BUggests  that  during  the  long  interval  which  relapsed  between  these 
latter,  it  had  retreated  from  Northern  and  Central  Europe  partly 
from  the  competition  with  man,  and  partly  from  the  operation  of  the 
same  obscure  causes  wliich  banished  the  Spotted  Hyssna  and  the 
Hippopotamus  to  Africa. 

6.  Mr.  Dawkins  gives,  in  Part  V.,  a  fair  history  of  the  Ovihos 
mo8chatu8 — both  as  to  its  distribution  in  Great  Britain  and  the  Con- 
tinent, and  adopts  De  Blainville's  views  in  placing  it  among  the 
Ovidse  instead  of  the  Bovidsd  as  heretofore. 

In  this  country  it  has  been  found  at  Crayford,  Green-street  Green, 
Freshford  near  Bath,  Barnwood  near  Gloucester,  and  at  Salisbury. 

It  has  also  been  found  in  France,  Germany,  Siberia,  and  America, 
on  the  Northern  Continent  of  wliich  it  is  now  found  living,  ranging 
over  the  "  Barren  Grounds  "  and  the  River  Mackenzie  through  105 
degrees  of  latitude.  The  Musk-sheep  proves  to  have  had  a  greater 
range  in  time  than  was  formerly  suspected,  having  been  a  contem- 
porary of  the  Megarhine  Rhinoceros  during  the  Pleistocene  period 
when  the  Lower  Brick-earths  of  the  Valley  of  the  Thames  were 
being  deposited. 

We  heartUy  congratulate  Mr.  Wiltshire  on  the  excellent  workiu^ 
of  this  Society,  which  owes  a  large  proportion  oi  \\&  %\xgq^«^  \a  ^S^a 
energetic  and  practical  action  as  its  Honorary  Bqcx^Vatj  . 
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II. — The  Bendioo  Gold-fikld  Bvgibtrt  :  comprising  IntrodnctioD 
for  the  Year,  Comparison  of  Yields,  Digest  of  Dividends,  Table 
of  Depths,  Progress  and  Present  Position  of  the  Chief  Beeft, 
and  Lists  of  Companies,  Terms,  etc.  By  J.  Nm.it  MAOABTsm. 
With  Plans,  by  H.  B.  Nicholas,  C.E.  Also  Norxs  on  thi 
Bendioo  Gold-fibld  (Illustrated),  by  W.  Nichoi.A8  ;  and  i 
description  of  Fryer's  Creek  Claims,  with  Plan.  Second  yett. 
Melbourne,  1872.     8vo.,  pp.  120.    London :  Trubner  and  Co. 

THE  discovery  of  Diamond-fields  at  the  Cape  and  the  rush  in  thit 
direction,  together  with  the  dcTelopment  of  Iron-mining  st 
home  to  an  almost  unparalleled  extent,  has,  for  a  time  at  least; 
diverted  a  large  share  of  public  attention  from  the  Australian  gold- 
fields,  which  nevertheless  are  still  being  carried  on  with  great  eneigj 
and  no  little  success. 

The  Bendigo  gold-field  is  a  good  illustration  in  point. 

"  The  yields  of  1871  are  in  excess  of  1870,  and  the  spirit  of  specn* 
lation,  which  was  considered  to  have  been  well  nigh  exhausted  in 
the  formation  of  300  com|)anies,  is  more  vigorous  than  ever.  Daring 
the  past  ten  months  of  1871,  765  companies  have  been  registered  in 
over  eighteen  million  shares." 

Up  to  November,  1871,  the  total  number  of  registered  oompanies 
was  1310 ;  an  estimate  of  a  few  selected  mining  claims  in  Garden 
Gully  Stock  shows  a  value  of  over  £2,000,000 ;  whilst  the  whole  of 
the  Bendigo  mines  are  valued  by  the  author  at  £10,000,000. 

An  abundant  supply  of  water  appears  to  be  greatly  desiderated, 
but  the  want  is  likely  to  bo  met  by  a  Bill  now  before  the  Legislature 
by  which  the  Waterworks  Company  will  dispose  of  their  works  to 
the  City  Council,  who  are  prepared  to  bring  in  a  good  supply  from 
the  Coliban. 

The  article  on  Quartz  Beefs  contains  some  excellent  advice  to 
minors,  but  it  is  chiefly  based  on  the  admirable  work  by  Mr.  R. 
B rough  Smyth  (see  Review  in  Geol.  Mao.,  1869,  Vol.  VI.,  p.  469), 
entitled  '^  The  Gold-fields  of  Victoria." 

Mr.  R.  B.  Smyth  was  mainly  instrumental,  by  his  evidence  laid 
before  the  Colonial  Legislature,  in  checking  the  idea  that  quartz- 
reefs  diminished  in  ricliness  as  their  depth  increases.  Mr.  Smyth 
submitted  tables  and  statistics,  proving  that  there  was  no  diminu- 
tion of  gold  in  the  reefs  of  this  colony  from  the  surface  to  400  feet 
in  depth  ;  and  in  his  later  work,  above  quoted,  he  affirms  that  there 
is  no  diminution  in  the  richness  of  quartz-reefs  at  700,  800,  or  900 
feet  beneath  the  surface.  Many  of  the  examples  of  this  successful 
deep-mining  are  to  be  found  in  Bendigo. 

The  book  is  principally  occupied  with  maps  and  plans  of  the 
claims,  etc.,  which  it  is  beyond  our  province  to  notice  here. 

The  principal  interest  arises  from  the  evidence  it  affords  of  what 
may  be  done  by  skill  and  practical  experience  when  aided  by 
capital.  Without  the  vast  amount  expended  on  machinery,  these 
intractable  reefs  of  quartz  would  never  have  yielded  up  to  the  miner 
their  safely- bound  and  often  widely-diffused  auriferous  treasure. 
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GsoLooiOAL  SooixTt  OF  LoNDON. — I. — May  8,  1872. — Joseph 
PreBtwich,  Esq.,  F.H.S.,  in  the  Chair. — The  following  communica- 
tions were  read: — 1.  "Notes  on  Atolls  or  Lagoon-islands."  By 
8.  J.  Whitnell,  Esq.  Communicated  by  Prof.  Maskelyne,  F.H.S., 
P.G.S. 

The  author  commenced  by  indicating  certain  facts  which  lead  him 
to  think  that  the  areas  of  atolls  are  not  at  present  sinking,  and  re- 
ferred to  one  instance  (that  of  Funafuti  or  Ellice  Island)  in  which 
he  thought  there  were  signs  of  a  slight  upward  movement.  He 
noticed  the  occurrence  of  a  furrowed  appearance,  or  a  series  of  ridges 
OT  mounds,  in  some  islands,  each  of  which  he  regarded  as  produced 
by  a  single  gale.  He  also  described  a  freshwater  lagoon,  about  three 
miles  ixx  diameter,  as  occurring  in  the  island  of  Quires. 

Discussion. — Mr.  Thorpe  was  acquainted  with  the  atolls  around  the  coast  of  Ceylon, 
and  thought  that  the  local  traditions,  untrustworthy  as  such  sources  usually  were, 
night  afford  some  evidence  as  to  the  diate  of  their  origin.  The  tradition  in  Ceylon 
was  that  the  Maldive  and  Laocadire  Islands  had  within  the  memory  of  man  heen 
oonneeted  with  Ceylon.  If  this  were  so,  the  evidence  was  in  favour  of  the  area  heing 
one  of  suhsidence. 

Mr.  D.  Forbes,  when  in  1859  he  spent  some  months  in  the  Pacific,  had  heen  re- 
quested b^  Mr.  Dirwin  to  examine  into  the  evidence  as  to  the  origin  of  these  atolls 
by  elevation,  and  had  found  that  the  asserted  cases  of  the  existence  of  masses  of 
coral  at  a  considerable  elevation  above  the  sea  merely  arose  from  blocks  having  been 
transported  inland  b^  the  natives.  Though,  however,  there  was  no  evidence  ofeleva- 
tion.  It  was  still  possible  that  such  had  in  certain  cases  taken  place,  as  there  were  still 
active  volcanoes  m  this  region.  The  freshwater  lakes  he  attriouted  to  the  drainage  of 
the  islands. 

2.  "  On  the  Glacial  Phenomena  of  the  Yorkshire  Uplands."  By 
J.  B.  Dakyns,  Esq.  Communicated  by  Professor  Hamsay,  F.B.S., 
V.P.Q.8. 

The  author  stated  that  in  Derbyshire  and  Yorkshire,  south  of  the 
Aire,  there  is  no  glacial  drift  on  the  eastern  slope  of  the  Pennine 
chain,  except  where  it  is  broken  through  by  the  valleys  of  the  Wye 
and  of  the  Aire  and  Calder.  The  basin  of  the  Aire  and  the  country 
northward  are  thickly  covered  with  drift,  which  contcdns  no  rocks 
foreign  to  the  basin,  and  thus  points  to  formation  by  local  action. 
The  author  ascribed  this  to  the  glaciation  of  the  country  in  part  by 
glaciers,  and  in  part  by  a  general  ice-sheet.  Evidence  of  the  latter 
he  finds  in  the  fact  that  drift  occurs  only  on  one  side  of  the  valleys, 
namely,  on  the  lee-side  of  the  hills  with  respect  to  the  source  of  the 
drift  materials.  Traces  of  the  action  of  glaciers  are,  the  great  amount 
of  scratched  and  rounded  pebbles  in  the  mounds  of  drift,  which  in- 
creases in  proportion  to  the  distance  from  their  source ;  the  presence 
of  great  piles  of  drift  at  the  junctions  of  valleys,  as  if  by  the  shedding 
of  the  lateral  moraines  of  two  glaciers  ;  and  the  existence  of  mounds 
of  pebbles  and  of  an  alluvial  deposit  wherever  a  rock-basin  crosses  a 
valley.  The  Eames  or  Eskers,  which  are  frequent  in  the  valleys,  he 
ascribed  to  the  deposition  of  moraines  in  the  sea  instead  o€  q»\i  WA. 

Dnou8«ioN«— Pre/.  Buxuaj  agreed  with  the  author  as  to  iDhib  «ihi\AU<^  ^"^  ^^ra 
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rock-barins  in  the  Yorkshire  area,  and  as  to  the  absence  of  marine  drift  on  great  pst 
of  the  slope  of  the  Pennine  chain.  The  terminal  moraines  had  to  some  exteot  beeoai 
obscured  oy  the  washing  in  of  soil  by  rain ;  but  their  ancient  existence  in  numj  of  Ac 
Yorkshire  valleys  was  indisputable.  The  features  of  the  country  were,  mofeorer,  it 
manj  instances  such  as  could  not  be  reconciled  with  the  deposition  of  the  drift  tf 
manne  action. 

3.  "  On  a  Sea-coast  Section  of  Boulder-clay  in  Cheshire."  By  D. 
Mackintosh,  Esq.,  F.G.S. 

The  principal  ohject  of  the  author  was  to  draw  attention  to  the 
fact  of  the  occurrence  of  numerous  sea-shells  in  a  lower  houldflr- 
day  at  Dawpool,  as  thoroughly  glacial  in  its  appearance,  stmctnre, 
and  composition,  as  any  clay  to  he  met  with  along  the  shores  of  the 
Irish  Sea,  and  differing  in  no  essential  respect  from  the  JPinel,  whidi 
runs  up  the  slopes  and  valleys  of  the  Lake  District  He  pointed 
out  a  numher  of  very  important  distinctions  hetween  the  Lower  and 
Upper  Boulder-clays  of  Cheshire,  referring  especially  to  the  light 
grey  or  hlue  facings  of  the  fractures  of  the  latter.  He  gave  a  list  of 
a  numher  of  large  houlders,  greenstone  and  Criffell  granite  predo- 
minating, though  among  the  smaller  stones  Silurian  grit  was  most 
prevalent  The  author  likewise  explained  the  mode  of  striation  of 
the  stones  found  in  the  clay,  and  the  positions  they  occupied  in  re- 
ference to  their  flattened  surfaces. 

The  jiaper  was  illustrated  hy  samples  of  the  two  days,  a  numher 
of  shells  in  various  states  of  preservation,  and  ahout  forty  specimens 
(most  of  them  named  and  their  parentage  assigned)  of  Silurian  grit 
and  argillite,  greenstone,  several  varieties  of  felstone  and  porphyry, 
fclspathic  breccia,  Criffell  and  Eskdale  granites,  and  granites  of  un- 
known parentage,  Wastdale  or  Ennesdale  syenite,  quartz,  Carboni- 
ferous-limestone, chalk-flints  (?),  local  gypsum,  sandstone,  etc. 

In  a  letter  Mr.  Searles  V.  Wood,  Jun.,  stated  that  he  regarded  the 
Boulder-clay  containing  the  shells  as  later  than  the  newest  of  the 
East- Anglian  beds,  and  the  Upper  clay  as  probably  equivalent  to  the 
Hessle  clay. 

The  fragmentary  shells  sent  had  been  determined  by  Mr.  J.  Gwyn 
Jeffreys,  who  found  eleven  species  represented  among  them,  and 
stated  that  they  agreed  with  the  shells  from  Moel-Tryfaen  and  Mac- 
clesfleld.  He  remarked  especially  on  the  occurrence  of  Astarte 
borealis,  a  species  now  extinct  in  tlie  British  area. 

Discussion. — Prof.  Ramsay  remarked,  with  regard  to  the  Bridlington  beds  which 
had  been  cited,  that  they  were  probably  preglacial,  and  not  glacial.  He  thought 
that  eventually  it  would  \)e  proved  that  during  the  Glacial  Period  there  had  been 
several  oscillations  in  this  couutry  both  in  level  and  in  temperature.  With  respect 
to  tompcraturo,  the  calculations  of  Mr.  Croll  showed  the  extreme  probability  of  such 
variations  beins^  due  to  astronomical  causes  ;  and  these  were  best  illustrated  by  re- 
producing his  ngures  in  the  form  of  a  diagram,  showing  the  curves  and  oscillations  of 
temperature. 

4.  "  On  Modern  Glacial  Action  in  Canada."  (Second  Article.) 
By  the  Rev.  William  Bleasdell,  M.A.  Communicated  by  Prof.  J. 
W.  Dawson,  LL.D.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  communicated  some  facts  illustrative  of 
■^^  e  action  of  ice  in  Canada,  in  continuation  of  a  former  paper.     Fid- 
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Island,  in  the  rapids  of  the  river  Trent   (flowing  into  the 

of  Lake  Ontario),  has  been  removed  within  the  last  eighteen 

hs.     Patrick's  Island,  a  mile  lower  down,  is  also  rapidly  dis- 

iring.     Salmon  Island,  in  Bay  of  Quinte,  between  Amherst 

d  and  the  mainland,  which  had  an  area  of  about  an  acre  fifty 

\  ago,  has  disappeared,  leaving  a  shoal,  with  aboat  4  feet  of  water 

it ;  and  three  neighbouring  islets,  known  as  the  Brothers,  are 

urse  of  removal.    The  removal  of  these  islands  is  dae  to  the 

a  of  drift-ice.     The  author  also  referred  to  the  formation  of 

id-ioe  in  the  Canadian  rivers. 

CUS8I0N. — Prof.  Bamsay  mentioned  that  Sir  'William  Logan  had  infonned  him 
bore-ice  in  Canada,  charged  with  boulders,  had  beea  known  to  produce  grooTes 
I  face  of  cliffs  as  well  marked  as  those  of  glacial  times.  He  had  also  mentioned 
se  of  a  boulder  transported  by  ice  which  was  of  such  a  siie  as  to  haTe  oocasioned 
reck  of  a  vessel  whicn  had  struck  upon  it. 

—May  22,  1872.— Prof.  Morris,  V.P.,  in  the  Chair.— The 
Bving  communications  were  read : — 1.  A  communication  from 
It  Hon.  Earl  Granville,  inclosing  a  report  from  H.  M.  Minister 
3me  relating  to  the  recent  Eruption  of  Vesuvius. 

'^  On  the  Phosphatic  Nodules  of  the  Cretaceous  Bock  of  Cam- 
jeshire.'*  By  the  Rev.  0.  Fisher,  M.A.,  F.G.S. 
lis  paper  contained  an  attempt  to  explain  the  origin  of  the 
phatic  nodules  which  lie  in  a  thin  bed  at  the  base  of  the  Chalk 
!ambridgesliire,  and  are  largely  extracted  by  washing  the 
um  for  the  purpose  of  making  superphosphate  of  lime.  Two 
[red  and  seventy  tons  per  acre,  at  the  rate  of  fifty  shillings  a 
represents  the  valuable  yield  of  the  deposit,  which  is  followed 
e  depth  of  about  18  feet.  The  nodules  and  other  fossils  of  the 
are  chiefly  derivative,  forming  a   concentrated    accumulation 

a  deposit  belonging  to  the  Lower  Cretaceous  period.  Some  of 
bssils  are,  however,  believed  to  be  indigenous  to  the  deposit 
ituLoi  are  attached  to  all  the  derivative  fossils  and  nodules,  and 
iharp  broken  surfaces  of  the  latter,  with  Flicaiula  on  them, 
'  that  they  were  mineralized  before  they  were  deposited  in  their 
)nt  gisement.  The  green  grains  of  chlorite  have  been  drifted 
patches.  Certain  calcareous  organisms  are  preserved,  but  many 
ra  of  mollusks  only  occur  as  casts  in  phosphate  of  lime.  The 
phatic  matter  has  been  determined  in  its  deposition  by  animal 
Ances.  There  are  two  chief  varieties  of  the  "  ordinary  "  no- 
(.  The  first  are  amorphous,  or  else  finger-shaped ;  the  second 
ed  like  a  long  cake  rolled  partially  or  wholly  upon  a  stick.  The 
ce  of  these  two  kinds  of  nodules  is  coriaceous  and  wrinkled, 
:hey  usually  show  marks  of  attachment  to  some  foreign  body, 
lin  species,  clearly  zoophytes,  are  converted  into  phosphatic 
les,  and,  when  sections  are  made  of  these,  they  are  found  to 
'  under  the  microscope  structures  and  spicula  allied  to  those  of 
3naria.  Slices  of  the  common  nodules  show  similar  spicula,  and 
ionally  reticular  structure.     When  casts  in  plaster  are  made 

Alcyonium  digitatum,  and  coloured  to  resemble  the  nodules, 
limilarity  in  general   form  and    structure  o£  wrdacfe  \s^  N^-rj 
ing.     The  phosphate  was  probably  aegtegaXft^XyS  \)!aa  «Ksis^s^ 


( 
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matter  from  its  solntion  in  water  diarged  with  carixmie  tfcidt  wUd 
is  a  known  solvent  of  the  phosphate;  an  analysis  of  the  matrii 
has  proved  that  phosphate  of  lime  is  appreciably  present  in  it.  The 
author  doubted  the  derivation  of  the  nodules  from  the  denudation  of 
the  subjacent  Qault,  and  exhibited  a  collection  of  these  to  abow  that 
they  were  distinguished  by  more  stunted  growth. 

The  deposit  was  on  the  whole  considered  to  represent  the  thin 
bond  with  similar  fossils  at  the  base  of  the  Chloritic  Marl,  as  seen  in 
the  west  of  England,  in  which  district  it  is  underlain  by  the  tnie 
arenaceous  Oreensand.  The  absence  of  the  true  G^reensand  was 
attributed  to  the  intervention  of  the  old  palsBozoicaxis  of  the  London 
area ;  and  it  was  finally  suggested  that  a  similar  axis  might  stvetdi 
from  Leicestershire  to  Elarwich,  causing  the  change  in  character  d 
the  Lower  Cretaceous  beds  between  Cambridgeshire  and  Norfolk. 

3.  ''Some  Observations  on  tlie  Upper  Oreensand  Formation  of 
Cambridge."  By  W.  Johnston  Sollas,  Esq.,  Assoc.  Boyal  School  of 
Minesi  London.    Communicated  by  the  Bev.  T.  G.  Bonne j,  ILA., 

F.as. 

The  OiBensand  Formation  consists  around  Cambridge  of  a  Chalk 
marl  containing  harder  portions  of  a  different  nature  disseminated 
throughout  it,  these  are  separated  from  the  Chalk  Marl  by  levi- 
gation,  and  sorted  by  sifting  into  larger  bodies,  consisting  aLnost 
entirely  of  the  soK^alled  "  coprolites,'*  and  smaller  bodies — ^the  so- 
called  "  Oreensand."  The  author  gave  a  general  account  of  his  con- 
clusions regarding  the  "  ooprolites,"  reserving  details  for  a  future 
communication.  Of  all  the  facts  the  most  obvious  is  the  coimexion 
between  presence  of  "  coprolite,"  and  former  existence  of  oi^ganic 
matter ;  when  coprolite  is  found  incrusting  a  bone  or  other  fossil,  it 
is  precisely  on  those  parts  where  animal  matter  adhered  most 
abundantly.  Instances  were  cited,  as  in  Pcdaoe&rystes^  where  the 
absence  of  animal  matter  on  the  back  of  the  carapace  is  marked  by 
an  absence  of  phospbatic  incrustation  ;  while  the  sternal  side,  where 
animal  matter  could  easily  escape,  is  often  altogether  embedded  in 
"  coprolite."  Coprolites  are  the  fossilization  of  organic  matter  derived 
from  very  various  sources.  In  many  cases  tliey  owe  their  origin  to 
sponges,  almost  certainly  so  in  the  case  of  cylindrical  coprolites  per- 
forated by  a  cylindrical  cavity,  now  filled  up  with  Chalk  Marl; 
other  forms  have  an  allied  origin.  Thus  coprolites  are  the  flints  of 
the  Oault  The  Oreensand  is  a  mixture  of  calcareous,  siliceous,  and 
dark-coloured  grains  of  uncertain  chemical  composition.  The  cal- 
careous grains  consist  of  sponge  spicules,  minute  shells,  fragments 
and  prisms  of  shell  substance,  bivalve  entomostraca,  microsopie 
corals,  minute  echinoderm  species,  polyzoa,  and  fbraminifera.  A  list 
was  given  of  the  Foraminifera,  the  abundant  occurrence  of  Lagena 
here  being  particularly  noticed,  as,  with  the  exception  of  L,  apictdatOy 
mentioned  by  Reuss.  the  genus  had  not  before  been  noticed  below 
the  Maestricht  Chalk.  The  siliceous  grains  consist  of  fragments  of 
various  rocks,  some  of  volcanic  origin.  The  dark  coloured  grains  are 
coprolitic  debris  and  true  green  grains.  The  green  grains  are  almost 
iJI  oaats  of  Foraminifera,  derived  e\A^^  ixoixi  Bulm\iMk  \  others  are 
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derived  from  lAtucla,  SotaUna,  Glohigerina,  and  other  forms.     Some 
green  grains  of  exactly  the  same  nature  had  been  found  by  th^ 

author  in  the  siliceous  sand  of  Blackdown. 

DiBcnssioN. — Prof.  Phillipa  was  e lad  that  his  casual  remark  had  prodaced  such 
saiUfacfeory  results  as  the  paper  he  had  heard.  It  was  satisfactory  to  find  that  the 
bulk  of  the  phosphatie  aodiiles  exhihited  such  marked  traces  of  an  organic  origin. 
Though  he  had  to  some  extent  been  prepared  for  this,  it  appeared  that  the  yiew  might 
be  extended  mueh  further  than  would  at  first  sight  hare  been  anticipated.  He  drew 
■n  analogy  between  the  preserration  of  the  forms  of  sponges  in  their  silicified  fossils 
with  that  of  the  soft  organic  bodies  in  the  Greensand  by  phosphatie  matter.  In  such 
case  the  surrounding  water  contained  a  large  amount  of  either  flint  or  phosphate  of 
lime,  which  was  segre^ted  and  aecumulatecTround  certain  centres  or  nucieL 

Prof.  Ramsay  inquired  from  what  sources  the  abundance  of  phosphatie  matter 
requisite  for  the  production  of  these  fossils  could  hare  been  deriTcd.  In  such  thin 
strata,  which  seemed  to  indicate  a  transition  from  a  land  to  a  marine  surface,  it  was 
a  matter  of  great  difficulty  to  his  mind  to  account  for  so  great  an  abundance  of 
phosphatie  matter.      * 

Mr.  Godwin- Austen  remarked  that  phosphoric  acid  was  largely  present  throughout 
all  water,  and  instanced  the  present  seas,  where,  as  on  the  Newfoundland  banks,  fish 
existed  in  enormous  quantities,  and  no  doubt  also  phosphatie  matter.  The  Cambridge 
beds,  though  so  rich,  were  by  no  means  unique  of  their  kind.  He  referred  to  a  paper 
eommunicated  some  years  ago  to  the  Society  by  Mr.  Payne,  as  affording  many  m- 
teresting  particulars  with  regard  to  such  beds.  He  considered  that  much  of  the 
phosphate  attaching  to  decaying  animal  matter  might  haye  been  deriyed  from  com« 
minuted  eoprolitie  deposits  floating  in  the  water. 

The  Rey.  T.  G.  Bonney  remembered  a  fact  quoted  by  the  late  Dr.  Mantell  as  to 
the  large  quautities  of  dead  Mollusea  which  had  oeen  obsenred  floating  down  some  of 
the  American  rirers,  and  whieb  had  been  regarded  as  a  plentiAil  source  of  phosphatie 
matter.  Small  fishes  might  also  haye  furnished  a  considerable  quantity,  ana  their 
Talue  as  manure  was  recognized  at  the  present  day.  With  regard  to  the  nodules 
being  Alcyonaria  or  sponges,  he  obseryed  that  what  spicules  he  had  seen  appeared 
more  like  those  of  sponges.  He  a^eed  with  Mr.  SoUas  as  to  the  Foraminiferal  origin 
of  many  of  the  green  grains.  He  did  not  aeree  with  Mr.  Fisher  in  attributing  all 
the  nodules  to  the  bed  in  which  they  were  found,  but  thought  that  a  considerable 
portion  might  be  referred  to  the  upper  part  of  the  Gault.  In  proof  of  the  washing 
the  G^ult  near  Cambridge  had  undergone,  he  mentioned  the  occurrence  there  of  a 
number  of  boulders  of  rocks  quite  foreign  to  the  district. 

Mr.  J.  F.  Walker  thought  that  most  of  the  fossils  of  the  phosphatie  band  at  the 
base  of  the  Chalk-marl  were  derived  from  the  Gault,  whilst  the  bed  differed  from 
Chalk  only  by  ^reen  grains  becoming  gradually  more  abundant.  The  fossils  were 
generally  much  waterwom,  the  characteristic  fossils  of  the  Warminster  Greensand 
were  absent,  and  the  most  abundant  fossils  were  all  of  Gault  species.  It  seemed  that 
wherever  these  accumulations  of  phosphatie  matter  occurred,  denudation  had  taken 
place,  and  that  they  were  the  residuary  heavy  materials  of  a  large  thickness  of  rock. 
This  might  also  be  observed  in  the  Upware  and  Fotton  beds. 

Mr.  Whitaker  observed  that  the  Upper  Greensand  thinned  out  as  much  to  the 
south  as  to  the  north  of  London.  He  inquired  as  to  the  alleg^  abundance  of  phos- 
phate of  lime  in  the  upper  part  of  the  Gault.  He  doubted  whether  the  thin  band  at 
Cambridge  could  represent  the  neat  thickness  of  Upper  Greensand  which  was  to  be 
found  in  some  other  districts.  He  regarded  it  rather  as  a  gradual  passage  into  Chalk, 
thoujrh  the  line  of  demarcation  was  evident  on  the  Gamt.  Though  agreeing  with 
Mr.  \Valker  as  to  some  of  the  fossils  having  been  derived  from  the  Gault,  he  could 
not  regard  them  all  as  havini?  come  from  that  source. 

Mr.  Meyer  thought  that  the  Greensand  had  always  been  absent  in  the  Cambrid^ 
district,  and  mentioned  the  occurrence  of  a  bed  of  much  the  same  character  as  that  in 
question  at  Niton  in  the  Isle  of  Wight. 

Mr.  Forbes  pointed  out  that  the  amount  of  phosphatie  matter  in  fishes  was  so  small 
that  it  was  difficult  to  assign  such  an  abundance  as  that  described  to  this  source.  In 
a  mass  of  limestone  composed  of  shells,  he  could  find  but  2  per  cent  of  phosphate  of 
lime.  Even  with  true  coprolites,  he  thought  that  they  had  become  richer  in  phos- 
phate since  their  first  deposit ;  but  whence  it  was  deriyed  ^e  y;oA3\^  'aoX  y^^\a;iiWa 
say.    He  thoug^ht  this  question  of  derivation  still  open. 
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Prof.  Morris  mentioned  the  occurrence  of  similar  deposits  near  Wisssnlr  as  ik 
coast  of  France,  and  near  Calne,  in  Wiltshire.  He  called  attention  to  the  extzsadf 
Quict  nature  of  the  sea  in  which  the  phosphatic  hed  heen  deposited,  and  obsemdei 
tne  existence  in  recent  times  on  certain  sea-shores  of  ooze  containing  a  large  amiMii 
of  phosphatic  matter. 

Mr.  Fisher,  in  reply,  stated  that  he  had  in  his  paper  hut  slightlj  toaehed  sa  Ik 
sources  of  dcriration  of  the  phosphate  of  lime ;  hut  as  to  the  possibility  of  that  lib- 
stance  heing  localized  and  derivea  in  large  quantity  firom  fish,  he  pointed  out  that  Ai 
principal  manure  of  modem  times,  guano,  was  derived  from  this  source.  He  sUqM 
to  the  possibility  of  some  process  of  dialysis  having  contributed  to  the  segrentioa  cf 
the  ])hosphate.  He  disputed  the  identitr  of  the  nodules  in  the  Ganlt  ana  ia  da 
chloritic  marl  at  Cambriuge.  As  to  the  character  of  the  fossils,  he  r^arded  it  ss  Ac 
same  as  that  to  bo  found  in  a  thin  band  at  the  base  of  the  Chalk  in  parts  of  Hants  od 
Dorset. 

Mr.  Sollas  had  examined  sections  of  the  fossils  from  the  Cambridge  beds  nndsr  fk 
microscope,  but  had  failed  to  find  the  canals  or  tuberculated  spicules  characteristie  of 
Alcyonaria.  He  had,  however,  in  the  sand  found  numerous  indisputable  spoop 
spicules.  He  had,  moreover,  found  in  sections  of  the  coprolites  spicules  sudi  as  wc 
regarded  by  Dr.  Bowerbank  as  characteristic  of  sponges.  He  hoped  however,  to 
recur  to  the  subject.  Both  Mr.  Fisher  and  himself  concurred  in  removiiig  thM 
nodules  from  the  c^itegorv  of  concretions,  and  placing  them  under  the  head  of  oigame  * 
fossils.  The  transported  blocks  in  the  beds  bear  evidence  of  elacial  action,  and  he 
considered  had  been  brought  from  Scotland  or  Scandinavia.  He  thought  thiit  soitt 
portion  of  the  phosphatic  matter  was  derived  from  the  decomposition  of  the  TokaBK 
rocks  north  of  Lammermuir,  which  were  rich  in  this  substance,  and  of  which  rocks  he 
had  found  fragments  near  Cambridge.  He  considered  that,  under  certain  dream- 
stances,  the  phosphatic  matter  present  in  water  would  combine  with  animal  aod 
mineral  matter,  and  hoped  at  some  future  time  to  offer  some  remarks  x>n  this  subject 
to  the  Society. 

EoYAL  Geological  Society  of  Ireland. — June  12,  1S72.— 
Prof.  Macalister,  M.D.,  President,  in  the  Chair. 

Prof.  Hull,  F.R.S.,  exhibited  two  slices  of  Chalk  from  County 
Antrim,  showing  under  the  microscope  its  essentially  Foraminiferoiu 
structure.  On  comparing  the  forms  with  those  in  Ehrenberg's 
Mikrogeohgie,  Prof.  Traquair  and  the  author  were  able  to  identify  at 
least  five  genera,  namely  Jtotalia,  Texiularia,  Plamdina,  Nodosarh, 
and  Glohigcrina — this  last  named  being,  as  in  the  Atlantic  mud,  the 
most  abundant;  and,  in  fact,  constituting  the  greater  part  of  the 
mass  of  the  rock.  The  cross-section  of  the  spine  of  an  Echinas,  and 
other  forms  of  doubtful  affinities,  were  also  observed.  The  shells 
were  nearly  all  preserved  in  calcite,  and  bound  together  by  im- 
palpable carbonate  of  lime.  The  slices  were  made  by  Mr.  JordaOi  of 
the  Museum  of  Practical  Geology. 

Mr.  Hull  called  attention  to  the  fact  that  the  Foraminifera  of  the 
Chalk  of  the  noilh  of  Ireland  had  scarcely  received  any  attention 
from  palaeontologists.  This,  he  considered,  might  be  ^mrtly  at- 
tributed to  the  unusually  indurated  character  of  the  stone,  which 
rendered  it  almost  impossible  to  extract  Foraminifers  by  washing. 
This  quality,  however,  was  favourable  to  tlie  preparation  of  thin 
slices  for  microscopic  examination ;  and  Professor  Rupert  Jones  had 
kindly  undertaken  to  examine  slices  of  the  Antrim  Chalk  for  com- 
parison with  those  foniis  now  under  investigation  by  himself  and 
Mr.  Parker. 


DRIFT  DEPOSITS  OP  IRELAND. 

Snt, — ^I  trust  you  will  give  me  space  to  refer  to  Mr.  Einahan's 
paper  on  the  Middle  Drift-gravels  of  Ireland  in  the  current  number 
of  ^e  Oeol.  Mao.  I  should  not  have  noticed  it  at  all,  but  that 
some  of  your  readers  might  have  supposed  that  I  admitted  the  cor- 
rectness of  Mr.  Kinahan's  statement,  that  my  section  of  the  Drift- 
deposits  in  Killiney  Bay  was  incorrect ;  or  that  there  is  no  Up- 
per Boulder-clay  there.  On  the  contrary,  I  maintain  that  my 
section  and  description  (Vol.  VIIL,  p.  294)  gives  a  faithful  repre- 
sentation of  the  succession  and  arrangement  of  the  beds,  showing  a 
true  upper  Boulder-clay  near  the  Martello  Tower,  and  Ballybrack 
Station,  with  a  general  basin-like  arrangement  of  the  beds. 

Beyond  the  point  where  my  section  terminates,  in  the  direction 
of  Bray,  there  are,  as  Mr.  Kinidian  states,  certain  local  irregularities, 
the  exact  nature  of  which  a  very  hasty  visit  has  not  yet  enabled  me 
to  determine.  This  part  of  the  section  I  had  not  visited  at  the  time 
I  wrote  my  paper.  But  whatever  their  nature,  they  cannot  in- 
validate the  general  succession  of  the  Drift-deposits,  as  stated  both 
by  Professor  Harkness  and  myself  to  be  synchronous  on  both  sides 
of  the  Channel.  Mr.  Einahan  cites  Professor  Harkness's  name 
in  support  of  his  statement  that  there  is  no  Upper  Boulder-clay  in 
Killiney  Bay.  I  believe,  however.  Professor  Harkness  has  not 
visited  this  section  since  my  paper  was  published,  and  certainly  not 
in  my  company ;  otherwise  his  opinion  might  have  been  different. 

Gbolooical  Sukybt  Office,  Edwabd  Hull. 

Dublin,  Jane  17,  1872. 

AGE  OP  AURIFEROUS  DEPOSITS  OF  AUSTRALIA. 

Sib, — I  am  able  to  communicate  some  information  relating  to  an 
important  discovery  lately  made  by  the  gold  miners  now  working 
at  the  **  Welcome  Bush,"  about  four  miles  south  of  Glenorchy,  on 
the  river  Wimmera,  which  I  have  no  doubt  will  be  regarded  with 
interest  by  your  readers. 

Up  to  the  present  time  the  geologist  has  had  to  determine  the  age 
of  the  auriferous  drifts  of  this  Colony  on  such  doubtful  evidence 
only  as  is  presented  by  the  lithological  character  and  position  of  the 
beds.  It  is  true  that  fossil  bones  of  marsupials  have  been  found  in 
very  recent  accumulations  covering  wash-dirt,  and  in  some  of  the 
deep  leads  numerous  fossil  fruits  and  impressions  of  leaves,  but  I 
think  I  am  correct  in  stating  that  no  marine  fossils  have  been  dis- 
covered anywhere  in  Tertiary  strata  containing  gold. 

Marine  fossils  have  been  found  lately  at  the  ''Welcome  Bush;" 
and  though  they  cannot  be  regarded  as  throwing  much  light  on  the 
age  of  the  deep  auriferous  deposits  which  occur  at  Ballaarat  and 
Smythesdale,  they  are  nevertheless  highly  interesting. 

The  diggings  at  Welcome  Hush  encroach  on  the  Murray  Tertiaries, 
which  occupy  an  area  exceeding  26,000  square  miles;  and  the  results 
of  the  labours  of  the  miners  show  that  these  in  this  immense  tract 
cover  auriferous  wash-dirt,  but  whether  in  all  parts  sufficiently  rick 
to  remunerate  the  workmen  it  is  at  present  \mpo&«kv\>\^  \a  i^^. 


R.bk 


J86  Corre^>ondene»—B.  BrMgh-Smyth. 

The  following  is  a  seotioii  of  the  itnta  at  Weloome  Bash  :— 

1,   Baifua  •oU  md  TtUoir  cUr  .    ■    .    '^^^^^^H  C'    ' 
1.   FeimglBoui  (HBglommU     ....  —         .^^^g  (1) .    . 


1    Brown  Iraa  on  with  ahelli 


1.   TeryhirdrtiTDtliuui  MniKlamvitt  .^..-^^_p=^  W-    ....    .MO 


i.    V«rT  <lna  vtaita  Mnd 
6.   Anrifcron*  wulkdirt 
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This  Bection  and  specimenB  of  rook  containing  oasts  of  shells  vtn 
Bent  to  me  by  Mr.  Bombard  Smith,  tbe  warden  of  the  gold  field. 

As  soon  as  I  received  the  specimens,  I  plaoed  them  in  the  hands  of 
Professor  McCoy,  wbo  has  been  good  enough  to  give  me  the  follow- 
ing report  respeotiog  tbem.  He  says,  "The  rock  mass  from  the 
Wimmera,  resting  on  the  gold  drifts,  submitted  for  my  opinion  as  to 
its  age,  and  whether  marine  or  freshwater,  has  been  examined  by 
me  as  far  as  the  imperfect  nature  of  the  fossils  will  allow.  I  can 
state  that  the  fossils  are  certainly  marine ;  and  I  have  no  doubt  of 
the  older  l*iiocene  Tertiary  age.  Species  of  Turritella,  Terebra,  and 
apparently  Turbo,  and  two  genera  of  bivalves,  apparently  Area  and 
Mactra,  but  requiring  more  perfect  specimens  to  determine,  are 
common.  I  do  not  tliink  this  evidence  clashes  with  my  old  su^ei- 
tion  that  the  gold  drifts  of  this  Colony  were  of  the  age  of  the 
Mammaliferoiis  Crag,  as  in  Russia,  liased  on  the  Jaw  of  Phuaco/onjn 
pliocenus  (McCoy),  found  in  the  cement  at  Dunolly,  as  this  deposit 
in  Europe  contains  marine,  generally  like  this  Wimmera  rock, 
littoral  genera  of  Mollusca  with  the  bones  of  terrestrial  mammalB." 

Mr.  Smith  informs  mo  that  it  is  now  very  difficult  tu  get  any  rook 
containing  shells  from  the  spoil-beups,  but  I  have  asked  him  to 
employ  some  of  the  miners  in  putting  up  a  stage  in  one  of  the  shafts 
wheiice  they  can  make  a  drive  into  the  Kbel!-bed  and  collect  rock- 
masses  enclosing  these  interesting  remains.  All  the  specimens  will 
of  course  be  submitted  to  Professor  McCoy  for  examination,  and  in 
due  time,  if  1  am  able  to  get  specimens,  the  results  will  be  com- 
municated to  you.  E.  Bbouoh.Shttb. 
Flexihutus,  Victoria,  iOth  Jpril,  V811, 
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^OTiGS  OF  A  Fossil  Hydbaotinia  fbom  thb  Cosallink  Cbao. 
By  Prof.  Gbobox  Jamss  Axxman,  M.D.,  F.B.S.,  etc. 

ONG  the  very  few  known  instances  of  fossil  hydroids,  the 
genus  Hydractlnia  must  be  included.  Under  the  name  of 
ora  echinata,  M.  Michelin  has  described  a  fossil  from  the 
ennine  group  of  Asti,  and  from  the  Superior  Fallunian  of 
aux  and  Dax  (Michelin,  loon.  Zooph.,  p.  74,  pi.  xv.,  fig.  4). 
ischer  has  drawn  attention  to  the  fact,  that  the  Cellepora 
ta  of  Michelin  is  really  a  Hydractinia  encrusting  a  Murex  or  a 
,  while  he  has  himself  added  another  fossil  Hydraciima  from 
pper  Greensand  of  Mans  (Fischer,  Bull,  de  la  Sec.  Geol.  de 
e,  2"*®  s6r.  t.  xxiv.,  p.  689).    This  he  found  in  the  collection 

Ale.  d'Orbigny,  where  it  encrucM'ed  numerous  specimens  of 
I  tubercfdata,  d'Orbig.,  frx)m  that  formation.  M.  Fischer  has 
ed  to  this  species  the  name  of  Hydractina  eretacea,  while  to 
ilin's  species  he  has  given  that  of  Hydractina  Miehelini. 
the  two  examples  thus  noticed  by  Michelin  and  Fischer,  I  am 
id  to  add  a  third  from  the  Coralline  Crag  of  Suffolk.  It  occurs 
r  some  Coralline  Crag  fossils  in  the  collection  of  the  British 
im.  It  was  found  encrusting  two  specimens  of  Purpura 
«,  one  from  Orford,  and  the  other  from  QedgreLve,  in  Suffolk. 
ven  with  a  continuous  crust  the  shell  over  which  it  spreads, 
as  a  minutely  alveolar  structure,  with  its  surface  thickly  set 
short  blimt  spines.  The  original  chitine  of  the  common  basal 
sion  is  entirely  replaced  by  carbonate  of  lime.  There  cannot 
B  slightest  doubt  of  this  fossil  being  a  true  Hydractinia,  and 
1  it  is  impossible  to  find  any  characters  which  can  separate 
m  the  living  Hydractinia  echinata.     From  the  mere  fossilized 

however,  which  is,  of  course,  all  that  has  come  down  to  us, 
ould  not  be  justified  in  asserting  its  identity  with  the  living 
id. 

Fischer  gives  no  description  by  which  his  own  hydroid  may 
ecifically  distinguislied  from  that  of  M.  Michelin,  though  he 
Is  the  two  as  specifically  distinct,  and  assigns  to  them  distin- 
ing  names.  Indeed  it  is  highly  probable  that  no  zoological 
3ters  of  diagnostic  value  can  be  detected  sufficient  to  distin- 
them  from  one  another,  or  from  the  Coralline  Crag  fossil  here 
d,  or  even  from  our  living  Hydractinia  echinata  ;  and  the  only 
>le  distinction  between  the  four  hydroidft  \ft  \Xi\x&  ^  ^\n^^ 

L.  n.—  NO,  zcYin.  m 
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chronological  one.  We  should  not  however  on  this  aooonnt  be 
entitled  to  regard  them  all  as  representing  a  single  species ;  for  it  ii 
by  far  the  most  likely  that  true  zoological  characters  would  be  fbond 
if  an  opportunity  existed  of  examining  in  the  fossils  the  soft  ptiii 
now  entirely  lost,  more  especially  when  we  bear  in  mind  that  thos 
fossils  belong  to  periods  separated  from  one  another  by  such  long 
interyals  of  time  as  those  which  intervene  between  the  Cretaoeooi^ 
Miocene,  Pliocene,  and  existing  epochs. 

Under  these  circumstances,  there  is  no  reason  against  assigning 
also  to  the  Coralline  Crag  species  a  distinguishing  name;  and  thon^ 
no  available  zoological  characters  can  be  found  on  which  a  diagnoM 
may  be  based,  the  geological  position  of  the  hydroid  may  oob- 
veniently  suggest  the  purely  provisional  designation  of  HydraeMi 
pliocena. 


n. — The  Permian  Beds  of  Tobkshibe. 

By  Joseph  Lvcab,  F.G.S., 
of  the  Geological  Surrey  of  England  and  Wales. 

IN  the  March  number  of  the  Geological  Maqazikb,  Mr.  A.  H. 
Green  observes  that  it  is  difficult  to  account  for  the  supply  of 
salts  to  the  Permian  Sea.  For  the  iron,  he  calls  in  the  aid  of  minenl 
springs  produced  by  volcanic  action ;  but  for  the  lime  and  magnesia, 
streams  flowing  into  the  sea  holding  in  solution  bicarbonate  of  lime 
and  sulphate  of  magnesia. 

Now,  at  present,  the  IMagnesian  Limestone  rests  on  Coal-measura, 
Millstone-grit,  and  nearly  touches  Yoredale  Limestones,  near  the 
Swale.  Tlie  Millstone-gi'it  alone  might  furnish  iron  enough,*  to  say 
nothing  of  other  bordering  formations.  All  over  its  surface  now 
thousands  of  chalybeate  or  ferruginous  springs  break  out,  some  of 
them  most  copiously  charged  with  iron.  The  whole  system  is  re- 
plete witli  iron,'  as  appears  from  the  quantity  which  is  seen  at  the 
surface  in  the  form  of  oxide.  It  is  quite  the  exception  to  find 
sandstones  imstained  by  oxide  of  iron,  and  in  a  less  degree  the  same 
is  true  of  the  shales  which  often  contain  beds  of  ironstone.  Certain 
])eds  are  so  full  of  it  that  when  seen  in  section  they  are  of  the 
brightest  red.  One  such  I  have  traced  for  more  than  fifteen  miles. 
It  is  a  coarse  grit  full  of  cavities  containing  an  ochreous  powder, 
and  sometimes  red  felspar.  When  ploughed,  it  forms  a  silky, 
bright-rod  soil.  It  also  contains  fragments  of  Encrinites  and  shells. 
Thus  there  is  a  bod  in  the  Millstone-grit  series,  which,  when  free 
from  drift,  colours  fields  quite  as  bright  a  red  as  the  Magnesian 
Limestone  does,  and  whoso  existence  implies  an  amount  of  concen- 
tration scarcely  inferior  to  that  required  for  the  formation  of  red 
l)eds  in  the  New  Red  Sandstone.     From  its  conspicuous  colour  it 

'  Mr.  David  Forbes  says  that  "  many  bods,  for  instance  the  Gault,  contain  more  iron 
than  those  which  are  now  rod,  though  they  may  be  grey  or  blue.** 

*  In  the  form  of  bisulphide  and  carbonate.  I  have  found  iron  pyrites  in  shales  in 
yidderdale,  and  bands  and  nodular  beds  of  clay  ironstone  in  many  places. 
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es  tbe  name  of  Bed  Scar  to  several  scars  on  Great  Whemside. 
XI  told  that  tbe  occasional  outbreak  of  a  femiginous  spring  froia 
L- workings  will  kill  the  river  fish  for  miles ;  so  that  if  nothing 

iron  had  been  precipitated  in  the  Permian  Sea,  the  effect  on  the 
aa  would  have  been  the  same.     Sulphureous  springa  also  break 

from  the  Millstone-grit,  one  at  Aldfield  may  be  perceived  for  a 
.iter  of  a  mile,  where  there  is  a  draught  along- the  valley  in  whiohr 
ieSy  and  the  Carboniferous  Limestone  contains  magnesia, 
ka  regards  the  lime,  it  is  confessedly  not  derived  from  organisms 
t  lived  in  the  Permian  Sea,  and  the  limestone  being  over  a  very' 
^  area  uniformly  thiidy  and  evenly  bedded  seems  to  have  beea 
K)8itod  tranquilly  in  still  waters.  Little  rivers  flbwing  from  Oar-^ 
nferoos  hills,  cutting  through  Millstone-grit  to  the  Yoredale  lime* 
MS,  would  bring  with  them  supplies  of  lime,  magnesia,  and  iron, 
quantities  practically  without  limit.  I  cannot  see  that  anything- 
re  is  required  to  suit  the  facts  of  the  case.   From^  these  sources  and 

Coal-measures  would  then  be  derived  the  principal  part  of  the- 
tments  deposited  in  the  Permian  basin.     Not  knowing  how  far 

question  is  considered  to  be  settled,  I  do  not  take  it  for  granted 
t  the  Pidnnine  anticlinal  ridge  was  formed  before  the  deposition 
the  Permian  beds,  but  I  think  the  evidence  is  very  strongly  ia 
our  of  such  a  probability.  For  through  the  Millstone-grit  rocks 
m  Wharfedale  northwards,  run  meiny  anticlinals  approximately 
and  W.,  and  many  of  these  pass  under  the  undisturbed  Mag^ 
ian  Limestone  ;  several  large  faults  do  the  same  ;  the  base  of  the 
estone  is  bounded  by  a  wonderfully  regular  line,  and  is  not  sinuoua 
broken  up  into  outliers  opposite  the  high  ground  north  of  Kipon. 
t  a  single  outlier  occurs  anywhere  on  the  chain,  and  not  one 
dps  even  a  little  disteuice  up  the  slope.  From  Leeds  north- 
rds,  as  far  as  Bedale,  the  palo  yellow  limestone  rests  on  bare 
ilstone-grit,  with  in  one  or  two  places  the  most  trivial  excep- 
18.  All  these  facte  seem  to  point  to  the  same  conclusion,  viz. : — 
t  a  limit  of  the  b£isin  is  reached,  and  approximately  represented 
the  present  base  of  the  Magnesian  Limestone,  at  least  for  that 
»noe.  For  the  absence  of  sedimente  below  the  lowest  limestone 
ing  that  space  seems  to  point  to  an  overlap  of  the  limestone  over 
imente  previously  deposited,  whereby  the  limestone  was  brought 
"est  against  the  bare  sides  of  the  basin.      It  now  dips  east  about 

some  2°  or  3°  of  which  may  have  been  original  deposition. 
Two  other  facte  seem  also  to  favour  the  idea  that  the  Pennine  anti- 
lal  was  formed  before  the  deposition  of  the  Permian  beds ;  firstly, 
t  fragmente  of  Carboniferous  Limestone  do  occur  *  on  the  west  side 
he  basin  below  the  Magnesian  Limestone,  and  secondly,  that  on 

east  side  in  Yorkshire  and  Durham  they  do  not  For  on  the 
ip  West  side  of  the  anticlinal,  the  Carboniferous  Limestone  must 
e  been  exposed  to  allow  those  fragmente  to  appear ;  and  on  the 
it,  for  some  distence  at  least,  it  was  probably  covered  with  a  thick 
lea  of  grite  and  shales.  I  am  aware  that  the  concretionary 
ales  in  Durham  may  be  formed  round  pebbles  of  Carboiv\fektQ>\% 

Bamsay.    Pretriaasic  Red  Roclui,    Proc  Geol.  Soc,  -^oV.  xxm^^^^'lAfc* 
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Limestone^  but,  even  if  tbey  are,  there  is  no  reason  why  some  limestone 
pebl)les  should  not  have  been  transported  into  the  basin,  especiallj  as 
near  the  Swale  nearly  the  whole  of  the  Millstone-grit  covering  wai 
cut  through  before  the  deposition  of  the  Permian  beds.  So  far  from 
volcanoes  occurring  nearer  than  Scotland  to  this  area,  I  think  the 
evidence  seems  rather  to  favour  the  idea  of  a  oontinuons  subsidenoe 
having  taken  place  here  during  the  deposition  of  the  Permian  bedi. 
For  the  quicksands  mentioned  by  Mr.  Green,  being  excessively 
current  bedded,  point  to  the  close  neighboorhood  of  land,  inasmiicfa 
as  in  an  inland  basin  not  subject  to  tides  one  would  not  expeot 
great  irregularity  in  the  bedding  when  the  oun-ent  had  proceeded 
some  distance  out  After  the  long  interval  between  Lieeds  and 
Crakehall,  where  there  are  no  sediments  except  here  and  there  about 
five  feet  of  flaggy  and  marly  beds,  the  Marl  Slate  ^  of  Durham  comes 
on.  At  East  Thickley,  where  it  is  30ft.  thick,  it  contains  **  fish  of 
genera,  which,  from  having  all  been  found  in  Gcurboniferoos  strata, 
probably  lived  near  the  shore."  Now  as  on  these  quicksands,  bare 
Millstone-grit  rocks  from  Leeds  to  Crakehall  (presumably  above 
water  when  the  quicksands  and  Marl  Slate  were  deposit^),  and 
Marl  Slate  of  Durham  there  now  lies  a  vast  thickness  of  evenly  thin 
bedded  limestones  and  marls,  this  fact  seems  to  require  one  of 
two  things,  either  a  continuous  subsidence  or  a  vast  increase  in  the 
supply  of  water  to  the  basin,  or  both ;  for  up  through  the  whole 
series  every  part  seems  more  like  a  shallow  than  a  deep  water  de- 
posit, and  in  the  higliest  limestone  itself,  ''  some  of  the  beds  are 
ripple  marked,  and  Mr.  King  imagines  that  the  absence  of  corals  and 
the  character  of  the  shells  indicate  shallow  water."  In  Scotland, 
where  volcanoes  were  active,  we  are  clearly  on  the  limits  of  the 
basin,  for  in  Dumfiiosshire  abundant  reptilian  footprints  have  been 
found  in  sandstones. 

Thus  it  seems  to  me  that  if  Carboniferous  rocks  fonned  part  of 
the  coast  land  of  the  Permian  Sea,  there  was  an  inexhaustible  supply 
of  all  the  materials  which  now  form  the  Peimian  beds.  The  Car- 
boniferous Limestone  itself  is  sometimes  Magnesian,  as  in  the  case 
of  the  dun  lime,  and  with  regard  to  the  i>eculiar  bituminous  smell 
of  the  Magnesiau  Limestone  when  struck,  I  can  only  say  that  it  is 
far  from  being  i>eculiar,  and  that  Carboniferous  Limestone  very 
often  smells  exactly  the  same. 

It  seems  also  unlikely  that  active  volctmoes  existed  nearer 
to  this  area  than  where  they  have  been  proved  in  Scotland, 
since  the  iron  may  liave  been  supplied  without  volcanic  springs, 
direct  from  the  Carboniferous  formations,  as  well  as  from  the  older 
granitic  and  other  metainorphic  rocks  from  which  the  Carboniferous 
strata  were  themselves  formed,  and  supplied  with  iron. 

The  PvrpJe   Colour. 
From  Mr.  Ward's  paper,  descriptive  of  the  Plompton  grits,'  it  is 

^  *♦  Tli€  fish  of  the  Marl  Slate  have  pcuerically  strong  affinities  with  those  of  C*r- 
iMniforous  age,  some  of  vrhich  wvre   undoubteifly  truly  marine,  while  others  cer- 
tainlv  ponetraieii  shallow  la«:ooua  bordered  by  peaty  Hats."    Ramsay,  Quart.  Journ. 
OcoL  Soc.f  Yol.  xxvii.,  p.  248.  *  QtMaxl.  ioutri.  ^^V^jWi.^'^Ql.  xxr.^  p.  29l. 
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not  made  to  appear  bow  local  tbe  purple  colouring  really  is.  Mr. 
Ward  remarks  that  red  grits  are  not  unfrequent  in  the  Millstone- 
grit  series.  He  admits  that  the  colour  of  the  Plompton  grit  is  by 
no  means  constant,  and  assigns  as  its  southern  limit  the  neighbour- 
hood of  tbe  Wharfe,  near  CoUingham.  I  subjoin  a  list  of  sections  in 
grit  immediately  below  the  base  of  the  Magnesian  Limestone  from 
six  miles  north-east  of  Leeds  northwards.  Those  which  are  good 
dean  sections,  where  limestone  is  actually  seen  resting  on  grit,  are 
marked  with  a  star^. 

South  of  the  Wharfe. 

1.  Hetchell  Wood,  where  limestone  rests  on  yellow  grit. 

2.  Hell  Pot  Wood,  where  limestone  rests  on  yellow  grit. 

8.  ^Rifftoo,  in  roaid,  where  limestone  rests  on  yellow  sandstone. 

4.  Wetherby  Lane,  where  limestooe  rests  on  yellow  grit. 

6.  Compton,  where  limestone  rests  on  yellow  grit. 

6.  ^Quarry,  near   CoUingham   Cottage^  where  pale  yellow  limestone  rests  on 

massive  white  grit 
7«  Lang^ith  Sulphnr  Spa,  where  limestone  rests  on  white  sandstone  and  blue  shale. 

8.  *£a8t  Keswick,  in  road,  where  limestone  rests  on  hard  white  and  yellow  sand- 

stone. 

9.  Mitigate  Quarry,  where  limestone  rests  on  white  and  red  micaceous  sandstone. 
10.  Hirer  Wharfe,  near  Keswick  Moor  Farm,  white  and  yellowish  sandstone. 

Of  tliese  ten  places,  limestone  is  only  seen  actually  resting  on  grit 
in  three,  hot  the  others  are  separated  by  at  most  only  a  few  feet 
from  spots  at  which  limestone  is  seen  above,  or  very  near.  In  every' 
case  the  colour  of  the  sandstones  is  perfectly  ordinary  and  not 
oolonred  in  the  least  degree,  except  in  Millgate  Quarry,  where  it  is 
reddishf  and  that  to  an  amount  vastly  exceeded  in  beds  lying  far  in 
the  heart  of  the  Millstone-grit  country.  Below  the  white  sandstone, 
at  East  Keswick,  upon  which  pale  yellow  limestone  is  seen  to  rest, 
there  is  a  thin  band  of  purplish  shale ;  but  the  great  section  in  shale 
in  the  bank  opposite  Bolton  Abbey  is  of  the  richest  purple,  many 
miles  from  the  influence  of  any  causes  beyond  those  that  are  em- 
bodied in  itself ;  and  bad  this  purple  colour  in  the  shale  at  East 
Keswick  been  derived  from  above,  the  sandstone  resting  upon  it  and 
below  the  limestone  ought  to  have  been  purple  too.  Mr.  Ward 
quotes  another  case  far  from  the  limestone.^  I  failed  to  discover  any 
purple  grit  south  of  the  Wharfe. 

North  of  the  Wharfe. 

1.  *NewBoroe  Bridge  Quarry,  where  limestone  rests  on  **  white  grit,  with  no  trace 

of  red  or  purple  colouration." 

2.  *Si.  Helen's  Quarry,  where  yellow  limestone  rests  on  five  feet  of   red  marl 

which  it  overlaps  at  either  end  of  the  quarry,  and  this  again  rests  on 
coarse  purple  gnt. 

The  Knaresborough  sections  I  have  not  seen,  nor  those  of  Scarah 
and  South  Stainley,  but  they  atl  seem  to  be  in  the  same  bed  as  the 
red  grit  of  Plompton  and  Sieklinghall,  the  most  southerly  point  at 
whi(»  I  have  observed  coloured  grit.  The  range  of  the  phenomenon 
does  not  extend  as  far  as  Bipon.  At  Fountains  Abbey  there  is  red 
grit  seeo;  but  this  is  not  seen  to  lie  immediately  b^\o\9  >L![i<^  \\\s^^- 

^  Quoit  Jonm.  Geol.  Soc.,  yol.  xx^ .,  ]^.  2^5. 
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Rtone.    This  too  1b  in  the  same  bed,  which ,  «8  far  west  «■  eig^ 
miles  west   of    Harrogate,   near    Fewston,    b   oonspicuoiialj  ni 
coarse,  and  partly  imoonsolidated.   There  the  <x>lotir  is -quite  ito  owil 
North  of  Ripon  the  base  of  the  limestone  is  seen  near 

1.  Galphay  ^ridfe,-OTer  the  Lsrer,  ^here  it  is  lepanted  from  the  anderlTiBg  ■»> 

culoured  coarse  grit  br  a  few  feet  of  Permian  flaggy  sandstonea  and  a  frv 
intermediate  bauds  of  red  and  grey  marls. 

2.  Near  Quarry  House,  Sleningford,  pede  yellow  Ihnestone  is  separated  from  the 

unooloored  grits  below  by  a  few  feet  of  blue  flaggy  linnstones  wiA 
Produeta  horrida. 
8.  At  Crakehall  High  Mill,  pale  yellow  limestone  .passes  orer  a  few  feet  of  psh 
yellow  mafnesianeonelomerate,  which  Te^  on  grey  marl,  three  feet,  sad 
that  on  ts3l  marl  of  which  only  two  feet  were  seen.  Here  the  cobor  ii 
not  derived  from  the  limestone,  as  the  grey  marl  is  the  upper  one. 

Thus  of  fifteen  sections  along  the  base  of  the  Magnesian  Lime- 
stone, for  a  distance  of  about  tiiiirty-two  miles  measured  straight, 
not  one  exhibits  purple  grit  immediately  under  the  Magnesian  Lime- 
stone. Four  clean  sections  show  limestone  restmg  on  unooloured 
grits.  In  -one  case  only,  ^here  purple  grit  is  seen  in  the  same 
quarry  as  Magnesian  Limestone,  there  is  an  intermediate  bed  of  red 
marl.  Ail  the  other  sections  show  unooloured  beds  dose  below  the 
limestone. 

Under  any  oircumstances,  only  one  and  the  same  bed  is  found  ts 
be  purple,  and  this  one  in  the  limited  area  over  which  it  maintaiDi 
its  colour  with  any  constancy  is  frequently  of  a  bright  red.  Far 
down  in  the  Millstone-grits  there  is  another  thin  but  very  oflen 
bright  red  or  ochrcous  bed,  which  I  have  mentioned  before  as  the 
Redscar  grit,  and  Mr.  Ward  quotes  another  under  Bradford  Moor. 

The  j)urple  colour  in  question  is  so  exactly  that  of  the  Permian 
marls,  that  taking  into  accoimt  the  number  of  times  that  the  lime- 
stone has  failed  to  impart  any  colour  to  the  beds  below  it,  and  that 
it  cannot  be  .proved  to  have  done  so  in  one  single  instance,  I  cannot 
avoid  the  conclusion  that  the  date  at  which  the  Plompton  grit  re- 
ceived  its  puq)le  colour  was  during  the  deposition  of  the  earliest 
red  sediments  below  the  limestone,  and  that  the  carbonate  of  iroa 
sank  iuto  the  Plompton  grit  from  Permian  waters,  and  not  from 
subsequent  infiltration  from  colourless  limestone.  In  no  sectioa 
where  I  have  seen  weathered  Magnesiwi  Limestone  in  quarries  has 
it  been  rod,  which  the  peroxidation  of  its  iron  should  have  made  it, 
if  Mr.  AVard's  supposition  were  true.  Subsequent  overlap  may  have 
brought  the  limestone  to  rest  against  unooloured  Carboniferous  rocks. 

I  would  extend  the  remark  to  all  rocks  which  underlie  red  rocks, 
and  are  stained  red  by  infiltration,  that  the  infiltration  took  place 
when  the  earliest  red  bods  lying  upon  them  were  being  deposited, 
and  that  the  vehicle  was  the  same  as  that  which  conveyed  the  colour- 
ing matter  into  the  beds  above.  Thus  if  sediments  are  about  to  be 
thrown  down  in  waters  charged  with  carbonate  of  iron  upon  a  bed 
of  porous  rocks,  I  see  nothing  to  prevent  carbonate  of  iron  from 
being  carried  into  the  latter  as  well  as  into  the  former  ;  when  under 
exposure  to  favourable  circumstances  both  would  appear  red.  In 
the  explanation  of  the  quarter  aVieftl,  ^S  SW.,'  the  lower  limestone  is 

I  ^t^^^'  the  GcoV.  ^>ir\ .  ol  ISa^sueA  ^aii'^  ti\»« 
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not  described  as  having  any  red  tint  It  does  not  colour  the  fields 
red,  when  free  from  dnft,  but  pale  yellow  fragments  lie  thick  upon 
the  soil.  The  marls  above  form  red  soil,  and  the  upper  limestone 
which  ''contains  little  or  no  magnesia"  ''has  often  a  red  tint"  If 
both  these  beds  contain  iron  in  the  same  form,  why  is  the  upper  one 
peroxidized  and  the  lower  one  not  so  ?  Were  Mr.  Ward's  expla- 
nation the  true  one,  the  lower  limestone  ought  certainly,  at  least 
here  and  there,  to  be  reddish ;  but,  as  before  stated,  neither  this  bed, 
nor  the  grits  on  which  it  is  seen  to  rest  in  clean  section,  are  at  all 
red,  where  I  have  seen  them,  except  in  the  one  case  where  a  bed 
of  red  marl  lay  between  the  grit  and  limestone. 


HL — Notes  on  Fossil  Sponges. 

fiy  HiATBT  B.  HoLL,  M.D.,  F.G.S. 

(PAKT   II.) 
{C<mtinu$d  from  page  815.) 

m.  Pictet  converted  D*Orbigny's  families  into  tribes,  and  intro- 
duced some  additional  genera  created  by  Qiebel,  King,  etc. ;  and, 
except  in  the  description  of  new  genera  and  species  by  Beuss, 
Boemer,  Salter,  Eichwald  and  others,  the  subject  remained  very 
mnch  where  D'Orbigny  left  it  imtil  M.  de  Fromentelle  proposed  a 
new  arrangement,  based  upon  what  he  terms  the  "organs  which 
serve  for  the  nutrition  of  the  sponge," — viz.,  the  tubule,  oscules, 
pores,  etc.  Like  D*Orbigny,  he  divides  the  sponges  into  two  orders : 
Ist,  the  Spongiaria,  which  comprises  only  recent  genera ;  and,  2nd, 
the  Spongitaria,  which  contains  all  the  fossil  genera,  vith  the  excep- 
tion of  tibe  doubtful  group,  the  Clionidffi.  The  second  order  is 
further  divided  into  three  sub-orders  :  I,  those  sponges  which  have 
one  or  more  tubules  (the  Spongitaria  <tt6ti2o«a) ;  2,  those  that  have 
oscules,  but  no  tubule  {Spongitaria  oaevlata) ;  and  3,  those  that  have 
neither  tubule  nor  oscules  {Spongitaria  poroaa).  Each  of  these  sub- 
orders is  further  divided  thus :  the  tubular  sponges  into  those  in 
which  the  tubule  is  solitary,  and  those  in  which  it  is  grouped,  and 
also  into  those  with  oscules  and  those  without  oscules.  The  oscular 
sponges  are  similarly  subdivided,  according  to  form,  disposition  of 
the  oscules,  and  presence  or  absence  of  an  epitheca.  Lastly,  the 
porous  sponges  are  divided  into  those  that  are  more  or  less  regularly 
cup-shaped,  and  those  that  assume  some  other  form. 

In  tlus  arrangement  no  importance  is  attached  to  the  nature  of  the 
sponge-tissue  as  a  character.  In  fact,  M.  de  Fromentelle  states  that 
he  considers  it  to  have  "  a  value  altogether  secondary,  for  it  is  not 
the  form  or  composition  of  the  skeleton  which  determines  the 
functions,  but  the  functions  themselves  which  give  to  the 
animal  the  particular  form  which  characterizes  it"  *  It  is  not 
necessary,  however,  here  to  discuss  this  question,  further  than  to 
observe,  that  the  power  which  the  sponge  has  to  secrete  a  siliceous 
spicular  framework  in  one  case,  or  a  fibrous  rete  in  anothsc,  vo^^^^ 

*  /.  r.,  p.  17, 
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an  inherent  dififerenoe  in  the  nature  of  the  animal,  howerer  mocii 
they  may  reaemble  one  another  in  external  character.  It  will  be 
desirable,  therefore,  to  consider  the  value  of  theae  organa  lor  i 
moment  before  proceeding  further,  and  in  so  doing  it  will  be  weU  to 
turn  to  the  living  sponges  for  aid. 

1.  Form, — As  already  observed,  form,  taken  alone,  is  of  fitfls 
value  even  as  a  specific  character,  for  whether  it  be  cap-shaped, 
tubular,  or  polymorphous,  it  is  not  distinctive,  inasmuch  as  it  ii 
common  to  sponges  widely  differing  in  all  other  chaTBcteis,  tad 
indeed,  as  remarked  by  Dr.  Bowerbank,  trusting  too  implicitly  to 
outward  configuration  has  led  to  the  placing  of  spicular  and  fibrooi 
sponges  side  by  side  in  the  same  genus.  Moreover,  the  form  variee 
greatly  at  different  periods  in  the  growth  of  the  same  individusl; 
and  even  in  the  cup-shaped  sponges,  commonly  the  most  constant  as 
regards  this  character,  there  is  a  wide  difference  in  the  fignre  of  the 
old  and  young  individuals  of  the  same  species.  Hence  it  is  that  we 
know  so  little  of  the  young  condition  of  many  of  the  fossil  sponges, 
which  are  not  recognized  as  such,  but  are  regarded,  for  the  mostpaitr 
as  distinct  species. 

A  circumstance  which  illustrates  how  the  form  of  the  sponge  ii 
liable  to  be  governed  by  accident  is  mentioned  by  Dr.  Bowerbank  in 
speaking  of  their  reproduction,  and  is  so  suggestive  that  I  qnote  his 
own  words :  "On  a  fragment  of  a  bivalve-shell  20  or  30  sponge-gem- 
mules  had  located  themselves,  the  largest  of  which  did  not  exceed 
^L^  of  an  inch  in  diameter,  and  their  distance  apart  is  about  equal  to 
their  diameter.  In  their  present  state,*'  says  Dr.  Bowerbank,  "  it  is 
evident  that  they  are  separate  developments ;  and  it  is  equally 
evident  that  a  slightly  further  amount  of  extension  would  have 
caused  them  to  merge  into  one  eoraparatively  large  flat  surface  of 
sponge.  We  see,  by  this  instance,  that  a  sponge  is  not  always  de- 
veloped from  a  single  ovum  or  gemmule,  but,  on  the  contrary,  that 
many  ova  or  gemmules  are  often  concerned  in  the  production  of 
one  large  individual ;  and  this  fact  may  probably  account  for  the 
comparatively  very  few  small  sponges  that  are  found."  *  Thus  the 
form  of  the  sponge  may  be  modified,  in  some  instances,  by  the 
number  of  gemmules  or  ova  that  may  happen  to  be  grouped  together, 
for  it  is  well  known  that  sponges  of  the  same  species  readily  unite 
when  in  contact 

It  is  necessary  to  bear  these  facts  in  view,  for  in  most  of  the 
higher  groups  of  life,  whether  living  or  extinct,  variation  in  fom^is 
restricted  to  within  very  narrow  limits,  and  therefore  it  is  one  of 
the  most  important  characters  we  possess  in  the  determination  of 
the  species.  Nevertheless,  even  in  the  sponges  it  is  not  without  a 
value,  for  in  certain  fossil  genera  the  more  matured  individuals 
appear  to  be  tolerably  constant  in  this  respect,  as  for  instance  the 
Ventriculites,  Ischadites,  Guettardia,  etc.,  but  at  the  same  time  the 
young  condition  of  these  genera  are  unknown  to  us,  or  if  so  have 
been  regarded  probably  as  altogether  distinct ;  the  youngest  indi- 
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viduals  whiob  are  recognizable  with  oertainty  having  already  at- 
tained, oomparatively  epeaking,  conmderable  dimensions. 

2.  The  Cloaca, — The  clo8M!a  or  tubule  may  be  either  isolated  or 
grouped.  It  may  extend  nearly  the  entire  length  of  the  sponge  or 
only  a  part  of  the  way,  as  in  Siphonia.  It  is  distinguished  from  the 
oscules  by  its  larger  size,  the  evenness  of  its  wadls  and  often  by 
the  orifices  of  the  exourrent  canals,  or  oscules,  opening  into  it.  The 
doaca  is  essentially  an  ejaculatory  passage,  and  in  those  fistulous 
sponges  having  oscules  on  the  outer  surface,  these  latter  are  the 
OTifioes  of  incurrent,  not  of  exourrent  canals,  and  in  the  living  sponges 
are  sometimes  protected  by  a  diaphragm  formed  of  long  simple 
slightly  curved  (aoerate)  spicula,  but  which  would  necessarily  be 
lost  in  the  fossil. 

In  the  young  sponge  the  cloaca  is  sometimes  absent,  as  is  often 
the  case  in  the  earlier  period  in  the  growth  of  Siphonia  pyriformis, 
in  which  the  place  of  the  cloaca  is  occasionally  found  occupied  by  a 
group  of  small  tubules,  which  ultimately  either  becomes  converted 
into  one  large  fistulous  opening  by  the  breaking  down  of  the  inter- 
vening tissue,  or  is  surmounted  by  the  true  tubule.  In  its  earlier 
condition,  therefore,  it  presents  the  charaoters  of  Jerea,  and  only 
becomes  converted  into  a  veritable  Siphonia  as  it  approaches  ma- 
turity.^ On  the  other  hand,  in  old  fistulous  sponges  the  margins  of 
the  cloaca  sometimes  break  down  and  become  fissured,  and  at  length 
converted  into  an  irregular  cavity,  in  which  it  is  difficult  to  recognize 
the  characters  of  the  original  tubule. 

3.  The  Osctdea, — ^The  oscules  are  the  orifices  of  the  incurrent  and 
excurrent  canals.  By  all  authors  who  have  written  on  the  fossil 
sponges,  however;  they  have  been  regarded  solely  in  the  light  of 
ejaculatory  openings,  but  the  study  of  the  recent  species  has  enabled 
Dr.  Bowerbank  to  ascertain  that  this  is  not  the  case,  and  that  in  the 
tubular  and  cyathiform  sponges,  those  only  which  open  into  the 
cavities  appertain  to  efierent  canals;  while  those  situated  on  the 
exterior  lead  into  the  canals  which  are  destined  to  give  passage  to 
the  incurrent  streams  of  nutritive  fluid.  In  all  the  tubular  and  cup- 
shaped  sponges,  therefore,  their  office  may  be  inferred  by  their 
position.  In  the  amorphous  sponges  they  are  scattered  over  the 
surface  either  singly  or  in  groups,  sometimes  on  mammillary  eleva- 
tions or  ridges,  sometimes  in  pits  or  depressions,  and  are  probably 
ejaculatory  orifices,  imbibition  taking  place  through  the  pores  and 
interstices  of  the  sponge  skeleton.  They  are  permanent  organs,  and 
vary  greatly  in  size,  proximity,  and  regularity  in  their  distribution. 
Occasionally  several  grooves  radiate  from  the  margin  of  the  oscule, 
and  in  other  species  there  is  no  distinct  orifice,  but  the  grooves  ter* 
minate  internally  in  three  or  four  small  pores,  which  then  supply  the 
place  of  the  single  oscule ;  but  even  these  are  sometimes  scarcely 
perceptible,  as  in  the  Silurian  Stromatopora  (SielliBpongia)  consteUata 
(Hall).  These  stellate  grooves  or  *'SiUon$**  are  not,  however, 
physiologically  distinct  from  the  oscules ;  and  the  smaller  ^cQ\i\ft^ 

1  Xb«  Jireajfyri/ormi$  (Lomouroox)  is  perhapa  a  ^^g^xosX  v^^^i^ 
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tubules,  as  for  instance  those  in  Jerea  (Polypotheeia)  diehoUmn 
(Benett),  and  J.  pyriformis  (Lamour.),  etc.,  do  not  differ  from  oacoln 
except  in  their  greater  length. 

4.  The  Pores. — Besides  the  oscules,  paleeontological  writers  are  in 
the  habit  of  speaking  of  the  pores.  It  must  be  understood,  however, 
that  by  this  term  they  designate  not  the  temporary  openings  in  tbfl 
Barcode  of  the  animal  during  imbibition,  to  which  it  is  properly 
applied,  but  merely  the  interstices  in  the  tissue  of  the  skeleton  in 
the  dead  sponge  ;  for  in  the  living  state  these  interstices  are  move  or 
less  completely  filled  with  the  sarcode.  In  some  sponges  there  are 
no  orifices  either  of  incurrent  or  excurrent  canals  that  are  disiin- 
guishable  either  by  form,  size,  or  position  from  the  ordinary  inter- 
stices  of  the  sponge-tissue,  the  whole  being  formed  of  a  nearlj 
uniform  rete ;  and  in  these  cases  the  pores  or  interstices  must  sap- 
ply  the  place  of  the  larger  orifices,  although  closed  by  the  sarcode 
during  the  intervals  of  active  inhalation  and  exhalation ;  moreover, 
in  those  sponges  possessing  well-marked  incurrent  orifices,  it  is  still 
probable  that  the  whole  of  the  external  surface  is  more  or  less  an 
inhalent  one,  through  the  interspaces  of  the  rete,  according  to  the 
exigencies  of  the  animaL 

5.  The  Epitheca, — Among  the  fossil  sponges  some  portion  of  the 
surface,  especially  externally  towards  the  base,  is  frequently  observed 
to  be  either  without  pores,  or  they  are  so  minute  as  to  be  invisible, 
and  the  sponge  then  appears  as  though  covered  by  a  more  or  less 
smooth  or  slightly  wrinkled  membrane,  which  has  been  regarded  by 
D'Orbigny,  De  Fromentelle,  F.  A.  Roemer  and  others,  as  analogous  to 
the  epitlieca  of  the  Zoantharia ;  and  the  occurrence  of  this  epitheca 
has  been  held  to  bo  an  additional  evidence  of  the  stony  nature  of  the 
sponge  skeleton.  When  examined  microBcopically,  by  means  of  thin 
sections,  however,  it  appears  that  this  epitheca  is  due  to  the  filling 
up  of  the  interstices  of  the  superficial  parts  of  the  sponge,  which,  in 
the  situations  in  which  it  exists,  is  finer  and  more  condensed  than 
elsewhere.*  This  greater  density  at  the  surface  may  be  seen  in  many 
recent  six)nges,  the  superficial  portions  of  the  tissues  being  closer 
and  finer  than  that  of  the  interior,  which  was  formed  during  an 
earlier  and  more  active  period  in  the  growth  of  the  sponge.  But 
either  from  having  arrived  at  maturity,  or  at  a  period  when  the 
growth  was  temporarily  arrested,  for  in  some  sponges  the  growth  is 
intermittent,  or,  as  appears  sometimes  to  be  the  case,  from  some  local 
cause,  the  tissue  at  the  surface  assumes  a  closer  arrangement.  Thtis 
in  the  common  Halichondria  panicea,  the  surface  over  greater  or 
lesser  portions  frequently  presents  a  condensed  appearance  with 
scarcely  any  visible  interspaces,  the  outer  superficial  portion  being 

^  It  is  to  this  closer  superficial  portion  of  the  tissue  that  M.  Etallon  has  applied 
the  name  of  perienchyma.  **  Dans  certains  cas,"  he  ohserves,  "  lorsque  le  spongiaire 
parait  avoir  acquis  tout  son  d^Teloppement,  lo  tissue  derient  plus  fin,  plus  send, 
recouTre  touto  la  surface  d'une  couche  plus  on  moins  epaisse  ct  adh^rente  et  donne 
an  squelette  un  aspect  different  de  celui  qu'il  ayait  a  I'ffpoque  de  la  croissanoe  et 
on'on  peut  toujours  retrouyer  par  dea  coupes  ou par  Vusure** ^Jiayonnt^t  du  Oorallun 
Uaut  Jura),  p.  139;  also  iSnr  la  Clowi/iootiw  dM  Spongiaim  dM  Hmut  Jw*,  \i.  137. 
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nade  up  of  a  densely  matted  layer  of  spicula  placed  for  the  most 
>art  parallel  to  the  surface ;  and  the  same  is  true  of  many  fibrous 
iponges,  as  shown  by  Dr.  Bowerbank.  In  some  of  the  fossil  sponges 
k  similar  modification  of  the  tissue  at  the  surface  appears  to  have 
obtained,  especially  in  certain  cup-shaped  and  cylindrical  i^nges, 
Lnd  in  the  <»Jcareous  fossils  in  which  this  has  been  the  case,  the  in- 
erstices,  from  their  extreme  minuteness,  are  more  or  less  filled  with 
iarbonate  of  lime.  Thus  a  species  of  Cupvloapongia,  common  in 
lie  gravd-pits  of  Farringdon,  frequently  presents  on  its  interior  a 
mooth  surface,  described  by  the  late  Daniel  Sharp  as  a  membran^^ 
But  if  a  number  of  individuals  of  this  species  be  examined,  it  will 
ye  observed  that  although  it  sometimes  completely  lines  the  interior 
>f  the  cup,  it  more  often  occurs  only  in  patches ;  and  that,  while 
KNne  of  the  interstices  are  blocked  up,  there  are  others  that  remain 
)|)6n,  and  this  not  as  the  consequence  of  friction  or  weathering,  but 
18  the  result  of  fossilization.  It  is,  however,  in  some  of  the 
qponges  of  the  Oolite  that  we  see  this  infilling  of  the  interstices  most 
Gstinctly,  in  some  of  the  cylindrical  forms  especially,  the  whole  of 
he  spoAge,  except  its  summit,  appearing  as  though  invested  by  a 
iheath,  but  which,  were  it  really  of  the  nature  of  a  true  epitheca,  as 
m  the  ZoarUharia,  it  would  be  difficult  to  comprehend  how  the 
unctions  of  the  animal  were  carried  on.'  It  is  more  than  probable 
hat  this  structure  is  nothing  more  than  the  cast  of  the  impression  or 
nould  of  the  outer  surface  of  the  sarcode  of  the  aponge,  perhaps 
lightly  thickened,  but  it  is  not  constantly  present  even  in  the  same 
tpecies.  For  example,  there  is  a  small  cylindrical  sponge,  not  uin- 
requent  in  the  Coral  Bag,  at  BuUington  Green,  near  Oxford,  in 
vhich  more  or  less  of  this  so-called  epitheca  is  met  with  in  some 
ndividuals,  while  the  greater  number  show  nothing  of  the  kind.  It 
appears,  therefore,  that  the  epitheca  is  sometimes  only  a  result  of 

^  Quart.  Jonm.  Geol.  Soc.,  toI.  x.,  p.  196. 

*  It  is  notliere  necessary  to  discuss  the  question  of  a  "dermal  membrane,^'  as  this 
rouid  of  course  perish  with  the  sarcode,  and  about  which,  moreover,  some  difference 
tf  opinion  appears  to  exist,  the  facility  with  which  the  pores  open  and  clcse  to  admit 
T  check  the  incurrent  streams  of  water,  and  the  readiness  with  which  the  sarcodal 
nass  is  repaired  after  injury,  and  unites  on  contact  with  that  of  another  individual  of 
he  same  species,  are  facts  which  hare  been  held  to  mihtate  agaimst  tiie  poeseasioii  of 
uch  a  structure.  That  the  supporting  tissae,  in  certain  recent  species,  becomes  closer 
nd  is  otherwise  modified  at  the  surface,  is  •clearly  ascertained  (see  Bowerbank. 
^eronemia  acervouSf  Bowerb.,  MSS..  /.c,  p.  173,  pi.  28,  f.  355 ;  also  pp.  107,  108,  pi. 
:0,  f.  309  and  310 ;  Haliehondria  panieea^  Johnston,  pi  19,  f.  303),  and  in  some 
pedes  there  is  a  crustioular  layer  of  embedded  ovaries  abounding  in  minute  spicula 
Bowerbank,  /.c,  Paehymatiama  Johnatonia^  Bowerb.,  p.  172,  pi.  27,  f.  353;  Oaodia 
Sarretfif  Bowerb.,  MS.,  p.  169,  pL  28,  f.  354)  beneath  the  surface  of  the  sarcode. 
liere  is  likewise  a  sponge  common  on  the  coast  at  Tenby,  in  which,  in  some  indi- 
iduals,  the  base  and  for  a  little  distance  above  it  does  appear,  in  the  dried  condition, 
9  be  invested  by  something  like  a  membrane,  which  terminates  upwards  in  a  well- 
eAned  and  thickened  or  slightly  wrinkled  margin ;  the  kerato-spicular  tissue  of  the 
ponge  immediately  beneath  it  is  more  densely  reticulated  than  in  other  parts  of  the 
nimal ;  but  I  was  unable  to  satisfy  myself  that  it  constituted  a  true  membrane  as  dis- 
inct  from  the  sarcode.  That  this  soft  structure  may,  under  favourable  circumstances, 
9  imprets  the  mould  of  the  fossil  as  to  produce  the  appearance  described  aa  aicL 
pitheca,  may  be  possible ;  but  this  is  altogether  differait  iiom  1^<^  %i^*^;cQ>3k!^  ^vftii^ 
rhich  inregtB  the  exterior  in  the  Zoantharia, 
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f  >xv.*;?2^!iv>n.  and  is  sometimes  probably  the  cast  of  the  outer  surface 
ot'  ih<'  mh^hIo  wliich  has  left  its  impress  on  the  mould;  that  it  is 
A^.w^nt  in  tho  earlier  and  growing  stages  of  the  sponge,  and  is  not 
tvuM.iullv  prosent  in  the  matured  individuals  of  those  species  in 
\«  hu^)  it  iHHnirs ;  and,  moreover,  that  it  sometimes  results  from  the 
t>\nf.io1  of  foreign  iKxlies,  in  consequence  of  the  increased  density  of 
ns«iio  which  Huch  bodies  are  apt  to  produce.  Its  value,  therefore, 
^^x'li  AM  a  spocific  character,  is  not  great. 

Simple  as  De  Fromentelle's  arrangement  may  at  first  sight  appear, 
it  lit  optiii  to  the  objection  that  it  is  based  upon  characters  that  ara 
Dol  always  very  constant  or  very  well  defined,  and  are  liable  to 
gi-atliiiito  fnmi  one  into  another.  Moreover  it  unites  in  one  genus 
or  NpinHoH  individuals  which,  having  a  very  close  similarity  in  ex- 
(oniiil  api)earance,  are  totally  different  in  the  organization  of  the 
nk  I*  lot  on,  and,  on  tl>e  other  hand,  it  separates  others  which,  though 
dillVring  in  outward  characters,  are  cloeely  allied  in  tlieir  structnnl 
diMailH  ;  for,  however  great  may  be  the  similarity  in  form  or  disposi- 
tion of  the  oscules,  etc.,  the  power  to  secrete  a  framework  composed 
of  spicula  in  one  case,  or  entirely  fibrous  in  another,  appears  to  in- 
dicate a  difference  in  the  nature  of  the  8anx>dal  mass  of  higer 
importance  than  mere  outward  configuration,  which  we  know  from 
the  study  of  recent  species  is  frequently  subject  to  considerable 
variation,  either  from  ago,  local  peculiarities,  or  other  circumstances. 
Thus,  Dr.  Bowerbank,  in  illustration  of  the  amount  of  variatiou 
observable  in  the  recent  sponges,  refers  to  our  common  British 
Halichondria  panicea,  which,  when  of  small  size,  has  the  oscules 
**  situated  on  the  surface  of  the  sjwnge,  and  are  scarcely,  if  at  all, 
elevated  above  the  dennal  surface ;  while  in  large  specimens  of  the 
same  s]>ecies  we  find  them  collected  in  the  inside  of  elongated  tubular 
projections  or  common  cloaca  which  vary  from  a  few  lines  only  in 
height  and  diameter  to  tubular  projections  several  inches  in  height, 
with  an  internal  diameter  of  half  or  three-quarters  of  an  inch. 
When  they  attain  such  dimensions,  their  ]>arieties  are  often  of  con- 
siderable thickness,  and  their  external  surface  becomes  an  inhalent 
one,  like  the  body  of  the  sijonge."  ^ 

IV. — ^About  the  same  time  that  M.  de  Fromentelle*8  Memoir 
appeared  in  the  Transactions  of  the  Linniean  Society  of  Normandy, 
M.  Etallon  communicated  to  the  Socicte  Jurassienne  some  jxipers  on 
the  sponges  of  the  Upper  Jurassic  rocks,  in  which  he  proposed  a  new 
arrangement  of  the  species  and  genera,  based  on  the  structural  details 
of  the  skeleton.  As  he  treats  only  on  those  fossil  sponges  wliich 
belong  to  the  Upper  Jura,  Iiis  classification  is  necessarily  incomplete ; 
but  it  is  nevertheless  sufficiently  so  to  foreshadow  his  views  on  the 
subject  generally.  Like  D'Orbigny,  he  regards  the  Clionida  as 
homy  sponges,  and  forms  them  into  an  order  by  themselves  ;  while 
the  testaceous  sponges  included  in  the  Petrospmhgida  of  M.  Piotet,  he 
divides  into  two  orders — 1st,  the  Dictyonotalida  or  spicule-bearing 

lis.    Here  wc  have  an  example  of  an  oscule  passing  into  a  cloaca  as  age 
ind  an  amoiphoos  apong^  \>ecoTinxi|^  «i  ^«\.Miia\>A  qica. 
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spongee,  and  2nd,  the  Spongiaires  vermicuUs,  or  true  Petroapongida.^ 
With  respect  to  the  first  of  these  groups,  M.  Etallon  observes : — 
"  There  are  among  the  testaceous  sponges  which  do  not  enter  into 
the  family  of  Petrogpongida,  some  that  have  their  skeleton  made  up 
of  little  needle-shaped  spicula,  which  are  *  merely  held  together  by 
the  parenchyma  or  sarcode  of  the  animal,  and  of  which,  in  certain 
formations,  we  find  the  scattered  remains ;  but  in  other  species  these 
needle-shaped  spicula  are  always  anastomosed  so  as  to  form  little 
stars  united  together  by  the  extremities  of  their  rays."  It  is  to  this 
group  that  he  gives  the  name  of  Dictyonocalida,  and  he  describes 
these  stellate  spicula  as  being  formed  by  the  enlargement  of  the  two 
extremities  of  a  slender  cylindrical  spicula,  which  thereby  become 
cone-shaped  at  the  end,  and  unite,  by  the  circumference  of  their  base, 
with  neighbourmg  cones,  to  form  a  six-rayed  spicula  with  a  central 
noeud ;  and,  in  the  centre  of  this  knot  or  noeud,  M.  Etallon  believes 
that  there  exists  a  cubic  space  which  is  subdivided  by  vertical  and 
horizontal  lamin»  placed  in  the  axis  of  the  rays  into  eight  chambers. 
There  results  from  this  arrangement  a  frame  work  composed  of 
horizontal,  vertical,  and  radiating  rods,  having  a  knot  at  their  point 
of  intersection,  and  this  eight-chambered  noeud  may  be  regarded  as 
standing  in  the  place  of  the  octohedral  structure  of  Mr.  Toulmin 
Smith. 

While  agreeing  with  M.  Etallon  that  there  are  certain  sponges 
constructed  on  a  general  plan  of  intersecting  horizontal,  vertical,  and 
radiating  rods,  a  plan,  indeed,  which  still  obtains  at  the  present  day, 
the  writer  is  far  from  admitting  that  this  is  the  ordinary  plan  on 
"which  the  spicular  sponges  are  organized,  and  he  has  entirely  failed 
to  detect  any  trace  of  that  subdiAdsion  of  the  cavity  of  the  nceud 
into  the  eight  cubic  chambers  described  by  M.  Etallon.'  Moreover, 
the  manner  in  which  it  is  suggested  that  the  skeleton  is  made  up — 
for  as  its  development  cannot  be  traced  in  the  fossil  it  can  be  nothing 
more  than  a  suggestion — is  altogether  opposed  to  what  we  know 
of  the  growth  of  spicula  in  general ;  and  the  study  of  the  recent 
siliceous  and  calcareous  sponges  gives  no  countenance  to  the  supposi- 
tion that  radiating  spicula  are  formed  by  the  union  of  the  rays.  On 
the  contrary,  as  observed  by  Dr.  Bowerbank,  "  However  closely  the 
spicula  may  be  brought  into  contact  with  each  other,  or  with  siliceous 
fibre,  they  do  not  appear  to  unite  or  anastomose,  while  fibre,  whether 
siliceous  or  homy,  always  anastomoses  when  it  comes  into  contact 
with  parts  ,of  its  own  body,  or  of  those  of  its  own  species." '  The 
growth  of  the  sponge-tissue  is  outwards,  not  interstitial,  and  the 

yarts  once  formed  and'  fully  developed  undergo  no  further  change, 
udging  from  analogy,  the  development  of  the  spiculum  always 

1  The  ClUmida  are,  howeTer,  only  the  accidental  occupants  of  the  cayities  in 
which  they  are  found,  having  located  themselves  in  the  exicavations  formed  by 
iomelida  and  the  terebrating  mollusks.    For  the  most  part  they  are  spicular  sponges. 

'  In  some  stellate  spicula,  probably  in  all,  at  the  point  where  the  central  canals  of 
•  the  rays  unite  in  the  noeud,  there  is  an  hexagonal  space,  as  noticed  by  this  author, 
but  the  appearance  of  vertical  and  horizontal  lamiu»  are  referable  to  an  optical  effect 
of  light 

•  /.  c,  p.  5. 
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proceeds  from  the  centre,  and  growth  takes  place  by  additknis  to 
the  thickness  of  the  rays  and  at  the  points,  and  the  oooarrenoe  of 
radiate  spioula  in  the  same  individual  si)onge  of  all  sizes,  from  the 
matured  condition  down  to  extreme  smallness,  always  preservii^the 
radiate  form,  is  entirely  against  the  view  of  M.  Etallon.  If  oDioa 
ever  takes  place,  it  is  prohably  the  result  of  fossilisation,  m  cases 
where  the  points  of  the  rays  are  in  contact,  and  it  is  then  brouglit 
ahout  probably  either  by  adventitious  deposit,  or  in  the  replacement 
of  the  original  structure  the  mineral  which  hfiis  infilled  the  monld 
has  run  together. 

Nevertheless  the  labours  of  M.  Etallon  are  a  move  in  the  r^t 
direction,  and  it  appears  probable  from  his  research  that  by  a  carefiil 
investigation  of  the  structural  details  of  the  fossil  sponges,  it  may 
be  possible  ultimately  to  arrive  at  results  which  may  lead  to  an 
arrangement  of  the  species  and  genera  more  suited  to  the  require- 
ments of  the  day  than  the  artificial  systems  of  D'Orbigny  and 
De  Fromentelle.  The  time,  however,  is  probably  not  yet  come  for 
this  to  be  attempted,  the  more  especially  as  the  arrangement  of  the 
recent  species  is  far  from  being  settled.^ 

V. — Two  conclusions  are  suggested  by  the  foregoing  remarks : — 
1st,  that  the  present  state  of  the  fossil  sponges  affords  no  certain 
indication  of  their  condition  during  life ;  and  2nd,  that  in  the 
differentiation  of  the  genera  and  species,  the  same  principles  must  be 
kept  in  view  in  the  fossil  as  in  the  recent  sponge.  Some  of  the 
oldest  fossil  sponges  were  as  highly  organized  apparently  (if  the 
terra  is  admissible  to  tliese  humble  forms  of  life)  as  those  of  the 
present  day,  as  for  instance  the  Protospongia  of  the  Lingula  Flags 
and  Ludlow  Rocks,*  the  Silurian  Ischadites,  and  the  Devonian 
Sph<tro$pongia  tesaerata.  The  Protospongi<€,  in  fact,  belong  to  that 
general  tyi)e  of  cyathiform  sponges,  formed  of  elongated  vertical  and 

*  These  **  Notes"  were  written  in  the  year  1866. 

•  Two  undcscrihed  species  of  this  genus  occur  in  the  Tjower  Ludlow  rocks  of 
l-icintwardine,  for  one  of  which  I  propose  the  name  of  P.  Zudenstf  and  for  the  other 
P.  maeulafonnitt.  In  P.  Ludeune  the  sponge  has  the  figure  of  a  horn  slightly  curred. 
and  attains  a  height  of  10  or  12  inches,  and  a  transverse  diameter  (in  its  comprewcd 
state)  of  4  or  5  inches.  It  consists  uf  vertical  and  transverse  fibres,  which  intersect 
each  other  obliquely  at  the  base,  but  become  more  or  less  horizontal  as  the  sponge 
enlarges ;  it  is  not  evident,  however,  whether  these  fibres  were  united  at  the  points  of 
intersection,  or  simply  apposed.  The  fibres  which  emanate  from  the  base  a.<»oend  to 
the  summit,  but  as  the  sponge  enlarged  other  fibres  became  intercalated,  and  scattered 
stellate  (four-rayed  ?)  spicula  occur  in  the  interspaces.  In  all  the  specimens  hitherto 
met  witn  the  sponge  is  complet<?ly  flattened,  but  its  original  cup-shaped  figure  is 
shown  in  a  specimen  in  the  Ludlow  Museum,  in  which  a  thin  plate  or  compressed 
sediment  whicti  filled  the  cavity  exhibits  the  fibrc'S  on  either  side  ;  and  in  the  i*. 
fvmttraliit  of  the  Lingula  Flags,  the  same  can  be  ascertained  by  making  transverse 
sections,  when  the  cut  ends  of  the  rods  are  shown  ranged  in  parallel  rows  on  either 
side  of  a  lamina  of  the  matrix  which  occupied  the  cavity,  reduced  to  a  mere  plate  by 
compression.  The  other  species,  P.  macuJafonnis^  occurs  as  semi-circular  or  semi-oval 
stains  on  the  surface  of  the  Lower  Ludlow  shales,  about  1^  inches  in  height  and  an 
inch  in  transverse  diameter.  As  in  the  former  species,  it  consists  of  extremely  delicate 
vertical  and  transverse  fibres,  with  a  few  stellate  spicula  in  the  interspaces.  So  thin 
is  the  fossil  that  it  might  readily  be  mistaken  for  mere  vegetable  stains,  unle:»  the 
fibres  are  especially  souglit  for  with  a  magnifying  ghiss,  and  its  cup-shaped  form 
k  inferred  only  from  the  type  to  which  the  sponge  evidently  belongs. 
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horizontal  rods  or  fibres,  which  become  more  abnndant  in  the  Oolitic 
and  Cretaceous  rocks,  and  have  their  representatives  even  in  the 
present  day.  The  Amdrphoapongida  first  make  their  appearance  in 
the  Silurian  rocks,  and  occur  more  or  less  abundantly  in  the  cal-^ 
oareous  marine  deposits  of  all  the  succeeding  epochs;  and  species 
are  still  living  in  our  present  sefiis,  for  which,  as  far  as  external 
appearances  are  concerned,  at  any  rate,  it  is  difficult  to  fiind  good  dis- 
tinctive characters.  The  cup-shaped  and  cylindrical  forms  of  this  group 
commence  in  the  Devonian  and  Carboniferous  Limestones,  and  in  the 
Martiera  vertehrcLlis  (Be  Koninck),^  we  have  a  depressed  form  of  the 
latter,  which,  in  the  Mountain  Limestone  (?)  of  India  attained 
greater  vertical  development.  There  are  recent  forms  which,  to  all 
appearance,  are  undistinguishable  either  in  figure  or  in  the  texture  of 
the  rete,  and  the  only  appreciable  difference  that  can  exist  must  be 
in  the  structure  of  the  fibre.  Siphonia  piriformis  is  apparently  a 
still  living  species,  well-preserved  specimens  from  Blackdown  pre- 
senting no  external  character  to  distinguish  them  from  the  recent 
form,  nor  with  certainty  do  its  structural  details.  The  Warminster 
specimens  are  seldom  well  preserved ;  but  in  the  flints  of  the  Chalk 
thin  sections  sometimes  show  the  spicular  structure  of  the  cords, 
of  which  the  skeleton  of  this  sponge  is  chiefly  composed. 

All  the  fossil  sponges,  exclusive  of  those  masses  of  scattered 
spicula  found  in  the  Mountain  Limestone  Chert  of  the  Great  Orme's 
Head,  the  Lias  of  Glamorganshire,  or  the  flints  of  the  Chalk,  etc., 
appear  to  be  capable  of  being  arranged  in  four  groups  having  a 
common  character — viz.  Ist,  those  in  which  the  skeleton  is  built  up 
mainly  of  fibres  or  elongated  spicula,  which  cross  each  other  more 
or  less  at  right  angles,  but  which,  in  the  cylindrical  forms  of  this 
group,  assume  in  part  a  radiating  arrangement ;  2nd,  those  in  which 
it  is  constituted  of  variously  formed  spicula,  heterogeneously 
arranged ;  8rd,  those  in  which  the  skeleton  consists  of  a  rete,  the 
cords  of  which  are  formed  of  spicula ;  and,  4th,  those  formed  of  a 
rete  of  fibres  in  which  spicula,  if  present,  were  only  accessory,  and 
which,  judging  from  the  general  structure  of  the  fabric,  were 
probably  keratose  or  homy  sponges.  No  doubt  the  first  two  groups 
trench  upon  each  other,  in  so  far  that  the  rectangular  structure  is 
frequently  accompanied  by  accessory  stellate  and  other  spicula ;  and 
the  last  two  may  be  often  difficult  to  dififerentiate,  in  consequence  of 
the  structure  not  being  sufficiently  well  preserved.  These,  however, 
are  difficulties  which  thepalssontologist  has  to  contend  with  constantly, 
and  which  it  is  his  object,  with  time  and  opportunities,  to  remove. 
Many  a  fossil  conchifer  has  been  moved  from  genus  to  genus,,  until 
the  structure  of  its  hinge  was  ascertained ;  many  a  mollusk  is  still 
uncertain  as  regards  its  affinities  to  existing  genera.  But  on  their 
relation  to  existing  genera  and  species,  which  can  be  arrived  at  only 
by  patient  inquiry  into  structural  details  microscopically,  by  means 

>  Placed  doubtfully  among  the  Zoanthariay  by  M.  Edwards  and  Haime,  but 
tpecimena  of  this  fossil  from  the  Great  Orme's  Head,  better  preserved  than  De 
Koninck's  types,  now  in  the  British  Museum,  enable  the  author  to  assign  them  a  ^\a»^ 
among  the  sponges. 
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of  thin  sections  or  otherwise,  can  the  differentiation  of  the  find 
Spongiadffi  be  satisfactorily  made.  Occasionally  the  Btmoture,  eqie- 
cially  in  the  silicified  sponges,  is  so  admirably  preserved  as  to  render 
this  not  difficult ;  but  until  their  true  affinities  to  reoent  speoiaB  hue 
been  studied  from  a  strictly  zoological  point  of  view,  cor  knoiriedge 
concerning  them  must  be  wanting  in  scientific  precision.  The  result  of 
such  inquiries  will  probably  be  to  reduce  many  genera  to  the  lonvr 
grade  of  species,  and  many  species  to  mere  varieties  or  conditioni  d 
growth.  In  common  with  other  forms  equally  low  in  the  aoale  of 
organization,  the  sponges  appear  to  have  endured  throngh  a  long 
range  of  time,  subject  only  to  modifications,  which  scaroely  amount 
to  specific  distinctions. 

rV. — Further  Bemarks  on  Mr.  James  Geikis's  CoBRXLAHOir  or 

Glacial  Deposits. 

By  S.  V.  Wood,  Jun. 

IN  a  republication  of  the  papers  by  him  which  appeared  in  sacoessivB 
numbers  of  this  Magazike,  Mr.  James  Geikie  has  replied  to  the 
objections  which  I  offered  to  his  views,  and  also  to  the  views  of 
sequence  which  I  myself  advance,  by  asserting  that  the  seaward 
ends  of  glaciers  never  float;  and  that  my  view  that  "wherever 
the  ice-sheet  rested  there  no  deposit  occurred,  the  material  produced 
by  its  action  incessantly  travelling  outwards  to  the  ice-edge,"  is  a 
misconception. 

Tlic  question  whether  this  flotation  does  or  does  not  occur  is  one 
of  the  things  yet  to  bo  solved,  and  it  is  difficult  to  imagine  that  the 
continuous  Antarctic  ice- wall  folio  wed  without  soundings  for^hundreds 
of  miles  by  Sir  James  lloss  does  not  float  ^  Perhaps  in  thinking  that 
it  did,  I  too  readily  adopted  the  view  of  Mr.  Archibald  Geikie,  the 
Director  of  the  Scotch  Survey ;  but  the  question  is  one  wholly  beside 
the  main  issue,  which  is — 

1st.  Is  unstratified  clay  or  Till  deposited  under  the  sea  ? 
2Dd.  Whence  does  the  material  of  such  Till  come  unless  it  be  a 
product  of  land-ice  shed  out  from  the  sea  extremity  of  that  ice  ? 
3rd.  Ilow,  if  so  shed  out,  can  it  be  denied  that  the  material  is 

constantly  travelling  outwards  ? 
4th.  If  so  travelling  outwards,  how  can  the  material  shed  out 
under  the  sea  at  the  commencement  of  a  period  be  synchronouB 
with  the  material  that  was  under  the  sheet  at  the  close  of  the 
period. 
The  Scotch  geologists  have  mostly  insisted  on  a  negative  to  the 
first  of  these  propositions ;  and  Mr.  Croll,  in  arguing  that  the  un- 
stratified clay  of  the  Holderness  cliffs — a  clay  identical  so  far  as  its 
physical  structure  is  concerned  with  the  Scotch  Till — was  due  to  a 

1  In  supposiug  that,  80  bood  as  it  has  a  tendency  to  float,  the  glacier  breaks  off 
into  hem  Irom  the  rise  and  fall  of  the  tide,  Mr.  Geikie  ^eems  to  me  to  have  over- 
looked the  fact  that  in  such  deep  water  and  open  sea  as  that  in  which  the  Antarctic 
ice  terminates,  the  vertical  movement  of  the  tide  is  altogether  insignificant.  It  is  to 
'he  Antarctic,  rather  than  the  Arctic  rcgiuns,  that  we  must  turn  to  find  the  ice 
onditioDB  of  our  Glacial  period. 
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Tart  ioe-sheet  that  filled  the  North  Sea,  urged  that  the  remains  of 
M ollusca  ocourring  in  the  unstratified  clay  or  Till  of  Caithness  were 
doe  to  the  ploughing  out  of  a  pre-existing  sea-bed,  by  which  suoh  re- 
mains became  incorporated  in  the  unstratified  formation  produced  by 
this  ice-sheet  Now  the  proof  that  unstratified  Till  was  deposited 
under  the  sea  appears  to  me  simple  and  convincing.  When  Sir  Charles 
lijell  visited  Holdemess  in  1869,  in  company  with  his  nephew  Mr. 
Ijeonard  Lyell,  and  Mr.  Thomas  M.  Hughes  of  the  Geological 
Survey,  they  found  in  the  midst  of  the  unstratified  chalky  clay  (or 
Tilly  as  the  Scotch  would  call  it)  of  the  lower  part  of  Dimlington 
CSli£^  a  thin  streak  of  greenish  sand  embedded  in  the  clay,  which, 
Mxx>rding  to  the  description  of  Mr.  L.  Lyell  sent  me  by  Sir  Charles, 
was  *'  crammed  with  perfect  specimens  of  Nucvla  Cobboldia"  Some 
of  these,  Mr.  Lyell  adds,  had  he  believes  the  two  valves  adherent, 
and  certainly  an  Aatarte  was  found  in  that  condition. 

Now  here  we  have  an  unequivocal  instance  of  a  colony  of  MoUusca 
that  must  have  established  itself  on  a  sea-bottom  formed  of  unstrati- 
fied glacial  clay,  and  been  afterwards  tranquilly  covered  over  with 
similar  material,  just  in  the  same  way  in  which  with  stratified  deposits 
a  band  of  shells  is  covered  by  a  succeeding  stratum  of  sand  or  mud. 
Can  it  be  questioned  in  the  face  of  this  that  unstratified  clay  or  Till 
has  been  deposited  under  the  sea,  which  is  my  first  proposition  ? 
Further,  if  this  cannot  be  questioned,  then  why  refer  any  of  this 
unstratified  clay  or  Till  to  a  deposit  on  a  terrestrial  surface?  for  it  is 
quite  a  rare  exception  to  find  Mollusoa  in  any  part  of  it,  no  instance 
of  the  kind  being  known  to  have  occurred  in  all  the  wide  expanse 
of  this  chalky  clay  except  at  Dimlington. 

I  have  elsewhere  pointed  out  that  this  wholly  unstratified  deposit, 
undistinguisbable  in  its  physical  character  from  that  Scotch  Till 
which  is  held  to  be  the  terrestrial  deposit  of  land-ice,  spreads  evenly 
over  large  areas  of  stratified  sands  that  yield  MoUusca  in  places ; 
and  that  such  clay  not  un  frequently  passes  down  vertically  into 
these  sands  by  a  few  feet  of  sandy  clay  obscurely  stratified.  What- 
ever therefore  be  the  cause  of  the  anomaly,  I  do  not  see  how  it  can 
be  questioned  that  by  some  means  a  vast  mass  of  material,  which  is 
admitted  by  all  to  be  a  product  of  land  glaciation.  Las  been  spread 
out  under  the  sea  over  an  extensive  area  in  a  wholly  unstratified 
oondition. 

This  being  so,  the  socoiul,  third,  andfourth  propositions  seem  to  me  to 
be  answered  by  necessjuy  implication.  It  will  not  be  denied  by  Mr. 
Oeikie,  or  any  one,  that  the  material  was  generated  by  the  action  of 
the  land-ice.  It  could  not  get  out  to  sea  in  this  vast  volume  unless 
its  motion  was  incesKantly  outwards  from  beneath  the  generating  ice- 
sheet;  and  it  could  not  thus  travel  outwards  without  the  material 
generated  at  the  coiuiiieiiceinent  of  this  action  having  all  foimd  its 
way  into  the  sea  before  its  tennination.  If,  for  instance,  we  assume 
the  period  as  100,000  yeai-s — it  was  probably  far  more — the  material 

Knerated  in  the  first  lO.ndO  would  have  all  found  its  way  to  the  sea 
fore  the  end  of  th«*  Kccnn.l  10,000  years,  and  so  on  throughout  the 
entire  period  of  100.000  ji.*firs. 

TOL.   XT. — NO,   XCVIII.  ^ 
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Mr.  Geikie  mentions  the  occurrence  on  the  tops  of  the  Ocliila, 
upon  the  watershed  of  the  Renfrew  uplands,  and  on  the  crest  of  the 
Pentland  Hills,  of  what  he  regards  as  true  Till,  containing,  along 
with  rock  debris  furnished  by  these  hills  themselves,  material 
brought  from  the  Highlands;  and  as  this  material,  he  considers, 
must  have  been  brought  by  land-ice,  filling  the  low  ground  betweea, 
he  urges  this  as  fatal  to  my  views. 

He  has  evidently  misunderstood  the  meaning  I  attached  to  the 
word  "  deposit"  in  the  expression  I  used  that  "where  the  ice  rested 
deposit  occurred."  Of  course,  although  no  permanent  deposit  of  it 
occurred,  there  was  always  a  certain  quantity  of  the  material  under 
the  ice-sheet,  or  else  it  could  not  bo  incessantly  travelling  outwards 
to  the  sea ;  and  in  protected  hollows  the  temporary  accumulatioa 
of  this  might  be  considerable.  Necessarily,  therefore,  as  the  sheet 
wasted  back,  there  was  a  certain  quantity  of  the  material  left  on  the 
land  surface  as  the  ice  deserted  it,  and  this  would  represent  the  'RII 
which  Mr.  Geikie  thus  instances  against  me ;  but  that  material  was 
the  product  of  the  ice-sheet  just  preceding  its  desertion  of  these 
particular  spots ;  and  was  formed  ages  after  that  which  occupied  the 
same  spot  during  the  earlier  part  of  the  period,  and  which  had  all 
travelled  out  to  sea  long  before  these  hills  were  relieved  of  the  ioe- 
sheet.  The  very  circumstance  instanced  by  Mr.  Geikie  of  material 
from  the  Highlands  finding  its  way  to  the  Ochils  and  other  isolated 
hills,  proves  that  the  material  was  thus  in  motion. 

In  a  footnote  to  the  Introduction  to  the  Supplement  of  the  Crag 
Mollusca  (p.  26),  this  occurrence  of  Mollusca  at  Dimlington  near  the 
top  of  the  great  Chalky  Clay  (No.  9  of  that  Introduction)  is  noticed; 
but  I  had  not  seen  the  specimens.  Since  then  Sir  Charles  Lyell  has 
been  kind  enough  to  send  them  to  me,  and  it  is  highly  satisfactory 
to  nie  to  find  this  colony  of  Nucvla  Cohhoidia  occurring  at  an  horizon 
in  the  glacial  sequence  so  near  to  that  at  which  I  and  my  coadjutors 
had  placed  the  Bridlington  bed,^  with  the  Mollusca  of  which,  inclusive 
of  this  Nucula,  tliese  Dimlington  shells  agree  identically,  as  far  as 
they  go,  both  in  species  and  in  mineral  condition.  When  it  is  thus 
seen  that  a  nest  of  Nucula  Cohhoidia  lived  in  the  British  sea,  after 
100  feet  of  Glacial-clay,  teeming  with  chalk  debris  similar  to  that 
forming  the  lower  part  of  Dimlington  CI  iff,  had  been  deposited  (for 
to  that  depth  is  it  shown  by  adjacent  borings  that  this  clay  descends 
before  the  uniformly  even  chalk  floor  is  reached),  the  prolonged 
glaciation  of  the  Chalk  wold  which  must  have  preceded  the  dying  out 
of  that  shell  will  be,  I  think,  better  recognized.  The  existence  of 
another  100  feet  of  Glacial-clay  overlying  this  Nucula  seam  in  actual 
section  shows  that  a  prolonged  period  of  glaciation  also  succeeded  it; 
and  when  it  is  observed  that  in  this  overlying  100  feet,  the  Chalk 
debris  begins  to  diminish  immediately  above  the  shell  seam,  and 

^  Besides  the  observations  as  to  the  position  of  the  Bridlington  bed  in  tbe  Crag 
Supplement  Introduction,  and  in  various  papers  of  mine  in  this  Magazine,  the  re- 
spective horizons  of  the  Bridlington  bed  and  of  Dimlington  Clitf  base  will  be  found 
marked  in  my  vertical  section  of  the  Glacial  sequence  of  the  East  side  of  Kngland, 
Htpage  90  of  vol.  xivi.  of  the  Q,\iai\«i\'j  3Q\xxxuii  qC  the  Geological  Society. 
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entirely  to  disappear  in  the  upper  part,  the  ooonpation  of  the 
districts  to  the  north  by  the  ioe-sheet  after  it  had  deserted  the  Chalk, 
«nd  the  connexion  of  that  event  with  ihe  non-occurrence  of  Nucula 
CiMoldia  in  Scotch  and  other  Glacial  beds,  which  I  assign  to  a  stage 
in  the  retreat  of  the  ice- sheet  posterior  to  tiie  desertion  of  the  Chalk, 
will,  I  think,  be  better  understood..  Nevertheless,  according  to  my 
▼iew,  neither  the  100  feet  below  nor  the  100  feet  above  represent 
the  whole  glacial  sequence,  there  being  glacial  beds  anterior  to  the 
one  and  posterior  to  the  other. 

I  would  take  this  opportunity  of  adding  that  the  Brick  Clays  with 
Mollusca  of  Scotland,  which  I  thought  might,  from  their  resting  on 
the  Till,  be  of  Post-glacial  age,  seem  to  me  on  further  consideration 
to  belong  to  the  Glacial  period,,  though  to  the  later  part  of  it ;  and  I 
would  ask  Mr.  Geikie  if  not  merely  the  Scotoh  Till,  but  the  clay  he 
distinguishes  from  it  and  calls  Boulder-clay,  and  the  intercalated  and 
sabjaoent  silt,  clay,  and  gravel,  be  the  equivalents,  as  ho  contends,  of 
the  East  Anglian  and  Holdemess  deposits,  how  it  happens  that  not 
one  of  the  several  shells  unknown  as  living,  or  ^  living  neeurer  than 
the  Paeific,  which  these  Eeist  Anglian  and  Holdemess  Beds  yield,  has 
oocnrred  in  the  many  Scotch  deposits  which  yield  Mollusca  thus 
grouped  by  him  as  equivalents  of  the  East  Anglian  and  Holdemess 
beds-^  part  of  the  question  which  he  has  avoided  encountering 
altogiether. 

V. — ^Account  of  an  Expbditioh  to  Gheenland  in  the  yeab  1870* 

By  Prof.  A.  E.  No&dbnskiold. 
Foreign  Corre^)ondent  GkoL  Soc.  Lond.,  etc.,  etc.,.  etc. 

Part  n. 

(PLATE  VIII.) 

{Continued  from  page  306.) 

THESE  holes  in  the  ice  filled  with  water  are  m  no  way  connected 
with  each  other,  and  at  the  bottom  of  them  we  found  every- 
where, not  only  near  the  border,  but  in  the  most  distant  parts  of  the 
inland  ice  visited  by  .us,  a  layer,  some  few  millimetres  thick,  of  grey 
powder,  often  conglomerated  into  small  round  balls  of  loose  con* 
sistenoy.  Under  the  microscope,  the  principal  substance  of  this 
lemarkiGkble  powder  appeared  to  consist  of  white  angular  transparent 
grains.  We  could  also  observe  remains  of  vegetable  fragments  ;- 
yellow,  imperfectly  translucent  particles,  with,  as  it  appeared,  evident 
surfaces  of  cleavage  (felspar  ?) ;  green  crystals  (augite)  and  black 
opaque  grains,  which  were  attracted  by  the  magnet.  The  quantity 
of  these  foreign  components  is,  however,  so  inconsiderable,  Uiat  the 
whole  mass  may  be  looked  upon  as  one  homogeneous  substance* 
An  analysis  by  Mr.  G.  Lindstrom  of  this  fine  glacial  sand  gave — 

Silicic  acid 62-25 

Alumina 14-93 

Sesquioxyd  of  Iron  0-74 

Protoxydof  Iron 4-64 

Protoxjd  of  Mang^ese    ^-VI 

lime  b*^^ 
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MunefiA    8"©# 

P>u»i  2-oa 

Ph«p'a«jnc  *cid 0*11 

Crilorlnt 01)i 

'^zier.  orevii?  mbsuace  1 100"  to  red  lieat)   2*86 

Hr^Toscopic  wiier  ^15'  to  100*)  0*34 

100-12 

Af:*?!  I'>ng  digesrion  with  sulpboric  acid  only  7-73,  and  widi 
muri  itic  acid  l*)*i6,  per  cenL  was  dissolved,  l^e  remainder  wai 
enrirely  white,  after  heating  to  redness.  The  analjais  gives  tfas 
atomic  relation — 

or  the  formula — 

2  i  Si*   -^  A/  Si*  -h  H 

Sfiecific  gravity  =  2'63  <21^).     Hardness  inconsiderable,  erystsDi- 
zati'^n  probably  monocliuic. 

The  substance  is  not  a  clay,  but  a  sandy  traehjtic  mineFal,  of 
a  comp4jsition  (especially  as  regards  soda)  which  indicates  thai  it 
d>je.s  not  originate  in  the  granite-region  of  Greenland.  Its  oxigm 
appears  therefore  to  me  very  enigmatical.  Does  it  come  from,  the 
basalt-region  ?  or  from  the  supposed  volcanic  tracts  in  the  interior 
of  Cireenlaiid  ?  or  is  it  of  meteoric  origin  ?  The  octahedrally  crys- 
tallized magnetic  particles  do  not  contain  any  traces  of  nickeL  As 
the  principal  ingredient  corresiwnds  to  a  determinate  chemical 
furniula,  it  would  perhaps  be  desirable  to  enter  it  under  a  sepanto 
c1h>s  in  the  register  of  science ;  and  for  that  ]>urpo8e  I  propose  for 
this  substance  the  name  Krvokonite  (from  Kpvo^  and  xoifi^)- 

When  I  i>ersuadecl  our  Botanist,  Mr.  Berggren,  to  accompany  me 
in  the  journey  over  the  ice,  we  joked  with  him  on  the  singularity  of 
a  botanist  making  an  excursion  into  a  tract,  perhaps  the  only  one  in  the 
world  that  was  a  perfect  desert  as  regards  lK)tany.  This  expectation 
was,  however,  not  confirmeil.  Dr.  Berggren's  quick  eye  soon  dis- 
Ciivered,  partly  on  the  surface  of  the  ice,  partly  in  the  above- 
mentioned  jxjwder,  a  brown  polycellular  alga,' which,  little  as  it  is, 
together  with  the  powder  and  cwtain  other  microscopic  organisms 
by  which  it  is  accompanied,  is  the  most  dangerous  enemy  to  the  mass 
of  ice.  so  many  thousand  feet  in  height  and  hundred  miles  in  extent 
The  dark  mass  alj6orl)S  a  far  greater  amount  of  the  sun's  rays  of 
boat  than  the  white  ice,  and  thus  produces  over  its  whole  surface 
deep  holes  which  greatly  promote  the  process  of  melting.  Tie 
same  plant  has  no  doubt  played  the  same  part  in  our  country, 
and  we  have  to  thank  it,  perhaps,  that  the  deserts  of  ice  which 
formerly  covered  the  whole  of  northern  Europe  and  America  have 
now  given  place  to  shady  woods  and  undulating  corn-fields.  Of 
course,  a  great  deal  of  tlie  grey  iwwder  is  carried  down  in  the  rivers, 
and  the  blue  ice  at  the  bott^un  of  thom  is  not  unfrequently  concealed 
l)y  a  d{u:k  dust  How  ri(;h  this  mass  is  in  organic  matter  is  proveil  hy 
the  c/rcurastjinco,  luuou'^st  otUviVs,  that  the  quantity  of  oiganic  matter 
in  it  was  sutlicieut  to  bring  a  W^<b  co^w^Vaski  q!1  ^^  ^gcey  ^wder, 
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lad  been  carried  away  to  a  distant  part  of  the  ice  by  sundry 

ied  up  glacier-streams,  into  so  strong  a  process  of  fermenta- 

putrefaction,  that  the  mass,  even  at  a  great  distance,  emitted 

disagreeable  smell,  like  that  of  butyric  acid. 

Berggren  has  communicated  the  fc^lowing  notice'  of  the 

K)pic  organisms  met  with  on  the  inland  ice. 

9  of  the  species  of  algsd  met  with  on  the  inland  ice  occurred  in 

Lst  quantities,  that  the  surface  of  the  ice  throughout  larger  or 

tracts  was  tinted  with  a  peculiar  colour.  Two  others  seemed 
vely  to  belong  to  the  fine  sand,  which  is  found  either  in  the 
'  a  thin  covering  on  the  surface  of  the  ice,  or  as  a  more  or 
ick  layer  at  the  bottom  of  the  pipe-like  holes  that  appear  in 
face.  The  first-mentioned  species,  occurring  copiously,  does 
[uire  any  such  substratum,  but  is  found  pnncipally  on  the 
f  ice-hills,  where  the  water  from  the  melting  ice  filtered  itself 
ween  the  little  inequalities  of  the  surface. 
e  most  copiously  represented  spedes  has  the  form  of  a  short 

not  spreading  out  in  branches,  but  consisting  of  a  single. 

cells ;  the  number  of  cells  in  each  thread  is  2,  4,  8,  or  at 
>.  Threads  of  4  and  8  cells  are  most  common.  The  specieR 
equently  appears  only  as  a  single  cell.   The  threads  are  usually 

bent,  sometimes,  when  the  number  of  cells  is  16,  forming  a 
te  semicircle.  The  number  two  or  its  multiples  taken  as  Qie 
d  for  the  number  of  cells  in  the  separate  threads  is  accounted 
he  r^ular  continuous  bisection  of  the  cells,  whereby  their  pro- 
n  proceeds.  The  connexion  between  the  cells  is  the  looser  the 
le  partitions  become,  as  the  older  membranes  assume  a  looser 
moe.  In  a  thread  of  16  cells,  the  connexion  between  the  eighth 
Lth  cells  is  soon  broken,  and  in  the  two  threads  thus  resulting 
nexion  between  the  fourth  and  fifth  cells  is  weaker  than  that 
1  the  second  and  third  or  the  sixth  and  seventh.  The  threads 
re  often  lie  bent  at  an  angle.  The  diameter  of  the  cells  is 
-  0O12  mm.,  and  their  length  0*016  —  0*040  mm.  Individual 
tay  sometin:kes  attain  a  length  0*065  mm.  and  a  breadth  of 
im.,  whereas.a  great  number  of  other  single  cells  are  met  with 
'  small  dimensions,  from  spherical  forms  of  only  0*006  mm. 
)r  to  those  of  ordinary  form  and  size.  As  the  ends  of  the 
here  they  are  joined  together,  are  rounded,  there  is,  of  course, 
"action  between  them,  which  becomes  more  and  more  con- 
s  as  the  connexion  between  them  is  loosened  by  time.  The 
me  is  thin  and  hyaline,  and  its  outermost  layer  (the  remnants 
nembranes  of  the  mother-cells  altered  after  division)  is  of  an 
slimy  consistence,  whereby  the  cells  are  for  some  time  kept 
r.  The  contents  of  the  cells  are  in  part  concealed  by  a  dark 
brown  colouring-matter,  which  in  dried  cells  is  immediately 
3ut  on  wetting  them.  The  centre  of  the  cells  is  occupied  by 
ng  or  cylindrical  mass  of  chlorophyll,  of  somewhat  irregular 

rre  detailed  account,  accompanied  hj  drawings,  of  theee  t^mvcV^Vi^^  ii^^^igi^ 
ifker  bej>Qbii82ied  ia  the  **K,  Yet.  Akademlena  Oheccv^** 
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contour,  in  the  extremity  of  which  two  kemel-fonned  romided 
bodies  are  imbedded,  which  in  general  cannot  be  peroeived  bj 
the  eye  till  the  colouring-matter  has  been  removed  by  means  of 
reagents.  Wo  sometimes  meet  with  four  such  bodies  in  one  cell, 
Hometimes  but  a  single  one :  the  former  a  result  of  accideatally 
checked  division  of  the  cells ;  the  latter  of  such  division  having  latdj 
taken  place.  In  the  liquid  of  the  cells  a  number  of  small  grains  are 
found,  which  are  for  the  most  part  collected  round  the  periphery  d 
the  cell  or  at  its  ends. 

''  Judging  from  the  -construction  of  the  cells,  and  the  manner  of 
their  multiplication,  the  alga  before  us  would  appear  to  belong  to 
the  Conjugata ;  but  as  I  have  not  succeeded  in  disoovering  fructifiot- 
tion  iu  it,  it  would  be  rash  to  decide  to  which  genus  it  is  to  be 
referred.  The  thread-like  rows  of  connected  cells  agree  witk 
the  ZygnemacefB;  whereas,  on  the  other  hand,  an  unmistakable 
similitude  to  the  Desmidiacea,  especially  CylindrocffstiSf  and  the 
nearly  related  genera,  is  indicated  by  the  strongly-marked  divisioDB 
into  multiples  of  two,  and  by  the  tendency  of  the  rows  of  oelb 
to  fall  asunder,  as  far  as  the  destructibility  of  the  uniting  odl- 
membranes  permits,  into  parts  consisting  of  cells  united  in  pairs,  whick 
however  is  seldom  possible,  in  consequence  of  the  greater  energy 
possessed  by  the  power  of  multiplying  the  cells.  As  the  above- 
mentioned  small  single  cells,  which  occur  in  great  numbers,  are 
much  less  in  diameter  than  tliose  cells  which  arise  from  the  bisection 
of  the  threads,  they  have  perhaps  a  different  origin  from  these  latter, 
althouj^li  the  researches  which  I  have  hitherto  been  enabled  to  devote 
to  this  subject  have  not  furnished  any  illustration  of  it  Were 
these  daughter-colls  arising  from  the  division  of  the  spora?,  if  the 
above-mentioned  supposition  with  respect  to  the  systematic  place  of 
the  species  bo  correct,  the  stadium  of  copulation  or  siwne,  in  some 
period  of  its  development,  ought  to  bo  found.  Two  rare  forms  of 
peculiarly  constructed  cells  j^erhaps  ought  not  to  be  passed  over  in 
wlonce.  I  have  sometimes  found  the  extreme  cell  in  a  thi-ead  con- 
siderably more  swelled  than  the  others,  more  elliptic  in  form,  sAsc^ 
provided  with  a  thicker  membrane,  and  with  the  contents  of  the  cell 
more  coarse-grained.  I  once  found  one  of  the  middle  cells  in  a 
thread  thus  transformed,  and  on  two  occ^isions  I  have  met  with 
single  cells  of  the  same  kind.  I  also  onco  met  with  a  cell 
of  very  peculiar  construction.  It  had  the  usual  foim,  but  was  un- 
usually large,  with  a  long  mass  of  chlorophyll,  as  usual,  in  tiie  midst, 
and  the  granidar  matter  groui>cd  rather  towards  the  ends  of  the  cell. 
In  it  were  found  about  twenty  larger  or  smaller  spherical  bodies. 
Four  of  tlicse  lay  aiTanged  at  each  end  of  the  cell,  and  were  almost 
entirely  opaque,  of  a  dark  brown  colour,  and  in  appearance  much 
resembled  the  smaller  cells  of  Frotococciis  nivaUs.  The  others  were 
translucent,  with  sharply  defined  contours.  As  our  knowledge  of 
the  nature  of  these  bodies  is  confined  to  what  is  here  stated,  the 
fuller  explanation  of  their  significance  must  be  reserved  for  a  future 
investigation. 

''in  places  similar  to  tVio^Q  m  vAi\c^\i  \k\%  %^^^  oocurs,  and  often 
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in  company  with  it,  Protoeoccua  nivalia  was  met  with.  Amidst  the 
fine  gravel  upon  the  ice,  but  to  a  trifling  amount,  small  green  cells 
are  found,  sometimes  united  in  little  groups,  sometimes  isolated, 
which  appeared  to  belong  to  Protococcus  vtdgaris.  Scytomena  gracile^ 
on  the  other  hand,  is  everywhere  met  with  in  great  profusion, 
wherever  the  gravel  either  lies  in  thinly  scattered  grains  on  the 
surface  of  the  ice  o^  forms  more  or  less  thick  layers.  The  threads 
lie  either  alone,  or  united  in  small  bunches,  6is  they  join  together 
at  the  lower  part,  and  bend  backwards  higher  up.  They  are  pretty 
stiff,  S-shaped,  or  forming  a  curve  of  several  undulations,  and 
yellowish-brown  in  colour.  Their  length  is  very  various,  their 
breadth  generally  about  0-009  mm." 

At  our  midday  rest  on  the  21st  we  had  reached  latitude  68°  2V 
and  86^  longitude  east  of  the  place  where  our  tent  w£is  pitched ;  and 
a  height  of  1400  feet  above  the  level  of  the  sea. 

Later  in  the  day,  at  our  afternoon  rest,  the  Greenlanders  began  to 
take  off  their  shoes  and  examine  their  little  thin  feet — a  serious 
indication,  as  we  soon  perceived.  Isak  presently  informed  us,  in 
broken  Danish,  that  he  and  his  companion  now  considered  it  time  to 
return.  All  attempts  to  persuade  them  to  accompany  us  a  little 
further  failed ;  and  we  had  therefore  no  other  alternative  than  to  let 
them  return,  and  continue  our  excursion  without  them. 

We  took  up  our  night-quarters  here.  The  provisions  were 
divided.  The  Greenlanders,  considering  they  might  perhaps  not  be 
able  to  find  our  first  depoi^  were  allowed  to  take  as  much  as  was 
necessary  to  enable  them  to  reach  the  tent  We  took  out  cold 
provisions  for  five  days.  The  remainder,  together  with  the  excellent 
photogen  portable  kitchen,  which  we  had  hitherto  carried  with  us, 
were  laid  up  in  a  depdt  in  the  neighbourhood,  on  which  a  piece  of 
tarpaulin  was  stretched  upon  sticks,  that  we  might  be  able  to  find 
the  place  on  our  return ;  which  however  we  did  not  succeed  in  doing, 
though  we  must  have  passed  in  its  immediate  vicinity. 

After  these  preparations  for  a  parting.  Dr.  Berggren  and  I  pro- 
ceeded alone  further  inward.     The  Greenlanders  turned  back. 

At  first  we  passed  one  of  the  before-mentioned  extensive  bowl- 
formed  excavations  in  the  ice-plain,  which  is  here  furrowed  by 
innumerable  rivers,  which  often  obliged  us  to  make  long  circuits ; 
and  when  to  avoid  this,  we  endeavoured  to  make  our  way  along  the 
margin  of  the  valleys,  we  came,  instead,  upon  a  tract  where  the 
ice-plain  was  cloven  by  long,  deep,  parallel  clefts  running  true 
N.N.E. — S.S.W.,  quite  as  difficult  to  get  over  as  the  rivers,  but  far 
more  dangerous.  Our  progress  was  accordingly  but  slow.  At 
twelve  o'clock  on  the  22nd  we  halted,  in  glorious,  warm,  sunny 
weather,  to  make  a  geographical  determination.  We  were  now  at  a 
height  of  2000  feet,  in  latitude  68°  22^  and  in  a  longitude  of  56^ 
of  arc  east  of  the  position  of  our  tent  at  the  fjord. 

During  the  whole  of  our  excursion  on  the  ice  we  had  seen  no 
other  animals  than  a  couple  of  ravens,  which  on  the  morning  of  the 
22nd,  at  the  moment  of  our  separation,  flew  over  our  hfitaA^.     ^ 
firsts  however,  there  appeared  in  many  places  on  \k<^  Vc^  ^Nsm^aK^  ^ 
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ptamiigans,  wbicb  seemed  to  indicate  that  these  fowls  visit  theie 
desert  tracts  in  by  no  means  inoonsiderable  flocks.  Eveiything  die 
around  us  was  lifeless.  Nevertheless  silence  by  no  means  reigned 
here.  On  bending  down  the  ear  to  the  ice,  one  could  hear  on  eTeiy 
side  a  peculiar  subterranean  hum,  proceeding  from  rivers  flowing 
within  the  ice  ;  and  occasionally  a  loud  single  report  like  that  of  • 
cannon  gave  notice  of  the  formation  of  a  new  glacier  deft. 

Aft^r  taking  the  observations,  we  proceeded  over  oomparativelj 
better  ground.  Later  in  the  afternoon  we  saw,  at  some  distance 
from  us,  a  well-defined  pillar  of  mist,  which,  when  we  approached  it, 
appeared  to  rise  from  a  bottomless  abyss,  into  which  a  mighfj 
glacier-river  fell.  The  vast  roaring  water-mass  had  bored  for  itself 
a  vertical  hole,  probably  all  the  way  down  to  the  rock,  situated 
certainly  more  than  two  thousand  feet  beneath,  on  whioh  the  glacier 
rested. 

The  following  day  (the  23rd)  we  rested  in  latitude  68®  22'  and 
76'  of  arc  longitude  east  from  the  position  of  our  starting-point  at 
Auleitsivik. 

The  provisions  we  had  taken  with  us  were,  however,  now  so  frr 
exhausted,  that  we  were  obliged  to  think  of  returning.  We  de- 
termined nevertheless  first  to  endeavour  to  reach  an  ioe-hill  visible 
on  the  plain  to  the  east,  from  which  we  hoped  to  obtain  an  extensive 
view ;  and,  in  order  to  arrive  there  as  quickly  as  possible,  we  left  the 
scanty  remains  of  our  provisions  and  our  sleeping  sack  at  the  spot 
where  we  had  passed  the  nighty  taking  careful  notice  of  the  ice-rocks 
around,  and  tlius  proceeded  by  forced  march,  without  encumbrances. 

The  ice-hill  wiis  considerably  further  off  than  we  had  supposed. 
The  walk  to  it  was  richly  rewarded  by  an  uncommonly  extensive 
view,  wliicb  showed  us  that  the  inland  ice  continued  constantly  to 
rise  towards  the  interior,  so  that  the  horizon  towards  the  east^  north, 
and  south  was  teiminated  by  an  ice-border  almost  as  smooth  as  that 
of  tlie  ocean.  A  jouniey  further  (even  if  one  were  in  a  condition  to 
employ  weeks  for  the  purpose — which  want  of  time  and  provisions 
rendered  impossible  to  us)  could  therefore  evidently  furnish  no  other 
information  concerning  tho  nature  of  the  ice  than  that  which  we  had 
already  obtained ;  and  even  if  want  of  pro\'isions  had  not  obliged  us 
to  return,  wo  should  hardly  have  considered  it  worth  while  to  add  a 
few  days'  marches  to  our  journey.  Our  turning-point  was  situated 
at  a  height  of  2200  feet  above  the  level  of  tho  sea,  and  about  83'  of 
longitude,  or  30  miles  west  of  the  extremity  of  the  northern  arm  of 
Auleitsivikfjord. 

On  departing  from  the  spot  where  we  had  left  our  provisions  and 
sleeping  sack,  we  had,  as  we  supposed,  taken  careful  notice  of  its 
situation ;  nevertheless  we  were  nearly  obliged  to  abandon  our  search 
as  vain — an  example  which  shows  how  extremely  difficult  it  is, 
without  lofty  signals,  to  find  objects  again  on  a  slightly  undulating 
surface  everj^where  similar,  like  that  formed  by  tho  inland  ice. 

When,  after  anxiously  searching  in  every  direction,  we  at  length 
found  our  resting-place,  we  ate  our  dinner  with  an  excellent  appetite, 
mside  some  further  reductions  m  onx  \o^d,  «xid  \k<^u  set  off  with  all 
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e  back  to  the  boat,  which  we  reaohed  late  in  the  eyening  of 
25th. 

t  a  short  distance  from  our  turning-point,  we  came  to  a  copious, 
>,  and  broad  river,  flowing  rapidly  between  its  blue  banks 
36,  which  were  here  not  discoloured  by  any  gravel,  and  which 
d  not  be  crossed  without  a  bridge.  As  it  cut  off  our  return,  we  were 
rst  somewhat  disconcerted ;  but  we  soon  concluded  that — as  in  our 
ney  out  we  had  not  passed  any  stream  of  6uch  large  dimensions — it 
t  at  no  great  distance  disappear  under  the  ice.  We  therefore 
ioeded  along  its  bank  in  the  direction  of  the  current,  and  before 
^  a  distant  roar  indicated  that  our  conjecture  was  right  The 
le  immense  mass  of  water  here  rushed  down  a  peipendicular 
',  into  the  depths  below.  We  observed  another  smaller  but 
)rtheless  very  remarkable  waterfall  the  next  day,  whUe  ex- 
aing,  after  our  midday  rest,  the  neighbourhood  around  us  with 
telescope.  We  saw  in  fact  a  pillar  of  steam  rising  from  the  ice 
)me  distance  from  our  resting-place,  and,  as  the  spot  was  not  far 
of  our  way,  we  steered  our  course  by  it,  in  the  hope  of  meeting — 
^ng  from  the  height  of  the  misty  pillar — a  waterfall  still  greater 
L  that  just  described.  We  were  mistaken:  only  a  smaller, 
igh  nevertheless  tolerably  copious,  river  rushed  down  from  the 
B-blue  cli£b  to  a  depth  from  which  no  splashes  rebounded  to 
mouth  of  the  fall ;  but  there  arose  instead,  from  another  smaller 

in  the  ice,  in  the  immediate  vicinity,  an  intermittent  jet  of 
)r,  mixed  with  air,  which,  carried  hither  and  thither  by  the 
d,  wetted  the  surrounding  cliffs  with  its  spray.  We  had  then 
),  in  the  midst  of  the  desert  of  inland  ice,  a  fountain,  as  far  as  we 
d  judge  from  the  descriptions,  very  like  the  geysers  which  in 
md  are  produced  by  volcanic  heat. 

1  order,  if  possible,  to  avoid  the  district  of  ice-rocks,  which  on 
journey  out  had  required  so  much  patience  and  exertion,  we  had 
etuming  chosen  a  more  northerly  route,  intending  to  endeavour 
escend  from  the  ice-ridge  higher  up  on  the  slip  of  ice-free  land, 
oh  lies  between  the  inland  ice  and  Disko  Bay.  The  ice  was  here, 
I  the  exception  of  a  few  ice-hillocks  of  a  few  feet  high,  in  most 
es  as  even  as  a  floor,  but  often  crossed  by  veiy  large  and  dan- 
»UB  clefts,  and  we  were  so  fortunate  as  immediately  to  hit  upon  a 
e  where  the  inclination  towards  the  land  was  so  inconsiderable 

one  might  have  driven  up  it  four-in-hand, 
he  remainder  of  the  way  along  the  land  was  harder,  partly  on 
unt  of  the  very  uneven  nature  of  the  ground,  and  partly  on  account 
be  numerous  glacier  streams  which  we  had  to  wade  through, 
I  the  water  far  above  our  boots.  At  last,  at  a  little  distance  from  die 
,  we  came  to  a  glcusier  stream,  full  of  muddy  water,  so  large 
,  after  several  failures,  we  were  obliged  to  abandon  the  hope  of 
ing  a  fordable  place.  We  were  therefore  obliged  to  dimb  high 
igain  upon  the  shining  ice,  so  as  to  be  able  to  And  our  way  down 
n  further  on,  after  passing  the  river ;  but  the  descent  on  this 
aion  was  &r  more  difficult  than  before, 
aborious  aa  this  journey  along  the  land  was,  \t  ^%&  ti<otqi^<^^a» 
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extremely  interesting  to  me  in  a  geological  point  of  view.  We 
passed  in  fact  over  gioond  that  had  but  lately  been  abaadoned 
by  the  inland  ice,  and  the  whole  bore  bo  confusing  a  resembUnoe 
to  the  woodless  gneiBs-districts  in  Sweden  and  Finland,  that  even 
the  moat  scepliool  persons  would  be  obliged  to  admit  that  the  sams 
formative  power  had  impressed  its  stamp  on  both  localities.  Ererj- 
where  rounded,  but  seldom  soiatched,  hills  of  gneiss,'  witli  enatie 
blocks  in  the  most  unstable  positions  of  equilibrium,  occur,  sepaiated 
by  valleys  with  small  mountain  lakes  and  scratched  rook-sariJMei. 
On  the  other  hand,  no  real  moraines  were  discoverable.  These,  indeed, 
seem  to  be  in  general  absent  in  Scandinavia,  and  are  generally  speak- 
ing more  charaoteristio  of  small  glaciera  than  of  real  inland  ice. 

F1(.  1,  Fig.  1,  ud  Fig.  1.    Inlud  lot  (battliit  00  LmuL 

A.  InUndlaaiB.  Solid  Kooki  C.  SDuUCallcedonof  EuthK  the  foot  ataMOlwUr;  D.LAi 

£.  Sepumta  Block  of  log. 


'  fOTtheprewrvatitinof  aBCiSiUSirirtoi«<mrf»M"ft\»Tiw»«axi'iuIi.\viM(^'i» 
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The  border  of  the  ioe  ie,  as  indicated  in  the  woodoats,  everywliere 
ringed  with  smaller  bonlders,  partly  rounded,  partly  angular ;  bat 
}  number  of  these  U  so  inconsiderable,  that,  when  the  ice  retiree, 
iy  only  give  rise  to  a  slope  covered  wilh  bonlders,  not  to  a  mo- 
ine,  similar,  for  example,  to  that  wbiob  the  little  Assakok  glacier  in 
nenatfjord  dri-ves  before  it.  The  little  earth-bank,  which  at  most 
wee  coUeots  at  the  foot  of  tbe  glacier,  is  frequently  washed  away 
ain  by  tbe  glacier  streams  and  rain.  We  often  &id  at  the  foot 
tbe  glacier,  as  indicated  is  Fig.  2,  ponds  or  lakes  in  which  a  ireeh- 
tter  glacial  clay,  oontuning  angular  stone  blocks,  scattered  around 

small  icebergs,  is  deposited. 

It  is  a  oommoQ  error  among  geolc^^ts  to  oonsider  the  Swiss 
Utera  as  representing  on  a  small  scale  the  inland  ice  of  Greenland, 

the  inland  ioe  which  once  covered  Scandinavia.'  Tbe  real  glacier 
ITS  the  same  ration  to  inland  ioe  which  a  rapid  river  or  brook 
SB  to  an  extensive  and  oolm  lake.  While  the  glacier  is  in  perpetual 
ition,  tbe  frozen  water  of  tbe  inland  ioe,  like  the  water  of  a  lake,  is 
(uparatively  at  rest,  excepting  In  those  places  where  it  Htreams  out 
o  tbe  sea  by  vast  bat  short  glaciers.  If  one  of  these  glaoiers, 
Xtugh  which  the  ice-lake  &lls  out  into  the  sea,  pass  over  emooth 
>nnd  where  the  ooean'a  bottom  gradually  changes  into  land  without 
J  Bteep  breaks,  steep  predpitous  glaciers  are  produced,  from  which 
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leed  large  ioe-masses  fall  down,  but  do  not  give  rise  to  any  real 
1>erg.  But  if  the  mouth  be  narrow,  the  depth  of  the  outlying  sea 
nt,  and  the  inclination  of  the  shore  ocnaiderable,  the  result  will 

tected  b^  a  layer  of  water,  clay,  or  Band,  from  the  deatructETS  effects  of  froat,  and 
re  especially  fnna  thoae  of  lichenB.  The  fine*)  Bctatches  disappear  in  a  few  yean 
n  ■  woanlam  dab,  the  poaitioa  of  whicb  is  &'oarable  to  Itchen  wetation,  but  are  on 
eontrajry  preaeiTed  where  lichen  vegetation  cannot  detrelope  ituU — la  for  example, 
—  "■-  TOtkii/or  a  time  in  theaprin^  ooTered  with  water. 

I  quite  corered  wit\i  tmV  vnluii^  vw,  SU  ^Aosn 
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be  on«  of  those  ma^ificent  ice-fjordB  whudi  Bink  so  adminUj 
describes,  and  which  we,  later  in  tlie  oooree  of  onr  joamey,  had  an 
opportunity  of  visiting.  The  following  dit^:tain  will  illuatnte  thia 
more  clearly. 


True  icebergs  are  fonned  only  in  those  glaciers  which  terminate  in 
the  manner  indicated  in  Fig  6  ;  though  pieces  of  ice  of  considerable 
dimensions  may  fall  from  a  steep  precipice  (Fig.  4).  These  varions 
kinds  of  glaciers  occur  not  only  in  Greenltuid,  but  also  in  other  ice- 
covered  polar  lands,  e.g.  in  Spitzbergen,  though  on  bo  much  smaller 
a  scale  than  in  Groenlfuid,  that  one  never  meets  in  the  surrounding 
waters  with  icebergs  at  all  comparable  in  magnitude  with  those  of 
Davis  Strait, 

In  Spitzbergen,  and  probably  also  in  some  parta  of  Greenland,  the 
ice  passes  into  the  sea  in  the  following  manner. 


As  I  have  already  remarked  in  the  account  of  the  geological 
rehttions  of  Spitzbergen,  this  lost-mentioned  kind  of  termination  of 
inland  ice  towards  the  sea  is  met  with  only  either  in  those  places 
where  the  limits  of  the  inland  ice  rapidly  recede,  or  where  the  ice 
breaks  for  itself  a  new  channel  or  way  to  the  sea.  This  is,  for 
example,  the  case  with  Axels  glacier  in  Bell  Sound,  which,  when  I 
Srai  rfsited  the  spot  in  1859,  ^la;^  em  6&^  Vdt«  tidat  indicated  in 
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Fig.  6,  but  which  a  oouple  of  years  later  filled  the  whole  of  the 
harbour  lying  before  it,  and  is  now  terminated  in  the  manner  shown 
in  Fig.  5. 

The  great  denuding  effect  of  the  glaciers  has  been,  as  is  known, 
proved  by  numerous  and  accurate  investigations.  Gh'eenland  also 
offers  examples  of  this  in  the  long  and  deep  fjords  that  indent  its 
coasts,  and  which,  if  they  run  parallel  to  ante-glacial  depressions  of 
the  earth's  crust,  yet,  as  the  smoothed,  scratched  and  grooved  rooks 
and  the  erratic  blocks  strewn  high  up  upon  the  slopes  show,  have 
been  widened,  formed,  and  cleansed  from  earth,  gravel-beds,  and 
looser  sedimentary  mountain  detritus  by  the  operation  of  the  glaciers. 
The  mere  effect  of  the  immovable  inland  ice  cannot  be  any  thing  like 
80  great  Nevertheless,  here  also  the  earth  and  the  layers  of  gravel  are 
completely  washed  away  by  the  rapid  glacier  streams  running  under 
the  ioe.  The  subjacent  original  rock  is  thus  exposed,  and  perhaps  to 
Bome  extent  worn  away,  especially  in  places  where  the  ice  passes  over 
layers  of  limestone,  sandstone,  or  slate.  Its  original  depressions,  filled 
daring  the  older  geological  periods,  therefore  re-appear,  and  often 
form — when  the  ice  covering  has  again  retired — the  basins  of  those 
beautiful  lakes  which  characterize  all  glacial  lands.  To  assume  that 
the  whole  lake-basin  has  been  scooped  out  during  the  glacial  period 
is,  however,  evidently  a  mistake ;  and  equally  erroneous  is  the  form  in 
which  it  is  customary  to  clothe  the  theory  of  the  origin  of  Alpine 
lakes.  But  when  we  take  into  consideration  how  rapidly  (even 
within  historical  periods)  a  lake  is  filled  and  converted — first  into  a 
morass,  and  then  to  a  level  and  dry  plain — we  easily  see  the  reason- 
ableness of  the  following  proposition  : 

We  meet  with  lakes  only  in  those  places  where,  from  some  cause 
or  other,  during  the  latest  geological  periods,  depressions  or  ex- 
cavations have  taken  place  in  the  crust  of  the  earth ;  and  since, 
among  more  generally  operating  causes  than  this,  we  know  only 
of  the  volcanic  and  glacial  powers,  it  is  natural  to  conclude  that 
modem  (not  filled  up)  lake-basins  only  occur  where  the  strata,  in 
consequence  of  volcanic  activity,  have  fallen  in,  or  where  the  ice 
has  ground  to  powder,  and  the  glacier-streams  have  swept  away,  the 
looser  earth  and  rocks  situated  nearest  to  the  surfisuse  of  the  earth. 

On  observing  Tessiursarsoak  from  the  heights  nearest  to  the  spot 
where  we  had  first  descended  from  the  glacier,  we  had  perceived  that 
its  appearance  had  changed  in  a  remarkable  manner ;  its  surface  was 
bright  as  a  looking-glass,  and  so  thickly  covered  with  ice  that  our 
first  impression  was  that  we  had  an  arm  of  the  inland  ice  before  us. 
On  arriving  at  the  tent  we  discovered  the  cause  of  this.  During  our 
absence  the  inland  ice  had  launched  or  deposited  ice  in  such  quantities 
that  the  whole  bay  was  almost  choked  with  it,  and  the  Oreenlanders 
were  very  uneasy,  for  fear  partly  of  our  being  inclosed,  and  partly  of 
the  violent  waves  caused  by  the  deposition.  They  were  therefore 
very  glad  when,  immediately  on  our  arrival  at  the  boat,  we  declared 
our  readiness  to  start  on  the  following  day. 

In  order  to  be  in  time  to  meet  the  Inspector — who  just  at  this  timA 
was  expected  to  visit  the  colonies  around DideLo'&vj  Va  ^  Qc^\&x[i^^^\A 
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yacht,  whence  he  was  to  sail  throngh  the  Waigat  up  to  TTpeim- 
vik,  and  who  had  offered  us  a  place  on  board  as  far  as  our  routes 
were  the  same — we  had  agreed  with  several  Kayak  men  from  Ikamiiit 
and  tlie  surrounding  districts,  that  they  on  an  appointed  day  were  to 
meet  at  the  place  of  our  tent  at  Tessiursarsoak.  Our  intention  was  to 
have  the  whale-boat  dragged  over  the  low  neck  of  land  which  at  8ar- 
piursak  separates  the  innermost  part  of  the  north  arm  of  Auleitsiviki- 
f  jord  from  Disko  Bay,  and  thus  entirely  to  avoid  the  long  circuit  round 
Kangaitsiak.  At  the  apppointed  time  we  saw  a  whole  flotilla  of 
these  small,  elegant,  and  light  vessels  approaching  our  tent.  We 
immediately  started,  and,  as  soon  as  the  necessary  dram  of  welcome 
had  been  distributed  to  the  canoe-men,  rowed  over  to  the  other  side, 

where  Dr.  Oberg,  with  the  crew  of  the  zoological  boat  and  a  number 
of  other  men,  awaited  us.  We  were  now  a  numerous  body  of  men, 
but  Greenlanders  are  neither  strong  men  nor  inclined  to  unusual 
exertions.  We  were  accordingly  obliged  to  let  our  people  row  the 
whale-boat  all  the  way  round,  while  we  ourselves,  with  our  effects, 
passed  directly  over  to  Sarpiursak,  where  two  other  whale-boats  lay 
at  our  dis])osaL 

According  to  Dr.  Eink,  the  interior  of  the  fjord  we  had  just  left 
had  never  before  been  visited  by  Europeans,  and  even  natives  only 
visit  it  in  summer  to  hunt  and  fish,  usually  in  an  "  umiak,"  which  ia 
carried  over  the  neck  of  land.  It  is  seldom  that  they  row  from  the 
mouth  to  the  end  of  the  fjord.  They  are  afraid  of  the  violent  currents 
which  the  tide  water  produces  in  the  long  narrow  estuary,  and 
which,  as  the  Greenlaiidei*s  several  times,  with  horror  painted  on 
tlieir  countenances,  infonned  us,  when  we  wished  to  take  advantage 
of  the  favourable  but  violent  current  to  get  on  faster,  had  once 
swallowed  up  two  "umiaks,"  with  all  the  men,  women,  and 
children  on  board.  There  must  now,  however,  be  but  very  little  to 
be  got  by  hunting  there ;  at  least,  during  the  whole  of  our 
journey  we  saw  no  reindeer.  But  there  are  persons  still  living  who 
remember  the  time  when  thousands  of  reindeer  were  killed  in  these 
parts  for  the  sake  of  the  skins  only.  This  abundance  of  game 
enticed  a  few  families  to  settle  there  also  during  winter,  and  one 
meets  in  several  places  traces  of  old  houses.  The  shores  of  the  fjord 
are  occupied  by  gneiss  hills  separated  from  each  other  by  valleys,  in 
wliich  grass  and  lichen  grow  plentifully,  thus  affording  copious 
pasture  for  such  reindeer  as  may  occasionally  stray  thither.  This  is 
an  event  which  has  now  become  rare,  but  many  maintain  that  the 
good  times  may  return,  for  that,  according  to  thoir  account,  the  rein- 
deer make  peiiodical  migrations,  sometimes  appearing  at  a  particular 
place  in  vast  numbers,  and  then  suddenly  disappearing,  and  there 
are  many  persons  who  connect  this  account  with  that  of  an  inland 
tract  free  from  ice,  or  even  with  the  story  of  wild  inhabitants  with 
European  features  in  the  interior  of  the  country.  To  us  the 
visit  to  this  fjord  was  interesting,  partly  because  we  hoped  thus  to 
become  acquainted  with  the  true,  unmixed  Greenlander  scarcely  in 
contact  with  civilization,  and  partly  for  botanical  reasons.  We 
hoped  in  fact  hero,  far  from  the  moist  fogs  of  the  ocean,  to  find  a 
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far  rioher  vegetation  than  on  the  outer  ooast.  A  very  small  tree  was 
■aid  to  have  been  thence  transplanted  to  the  clergyman's  garden  at 
i^edesminde.  This  anticipation  of  the  botanist  was  however  not 
oonfirmedy  at  least  not  to  the  amount  expected.  The  flora  was 
indeed  richer  and  the  willow-bush  larger  than  at  Egedesminde,  but  not 
so  rich  nor  so  large  as  in  the  more  northerly  situated  but  fertile  basalt- 
i^ion  of  DiskO)  which  is  travelled  by  subterranean  streams  of  warm 
water.  The  insect  Fauna,  on  the  other  hand,  appears  to  be  somewhat 
richer  here  than  on  the  coast;  at  least  we  collected  the  best  harvest  of 
insects  that  we  had  during  the  whole  summer  on  the  17th  of  July, 
on  a  little  island  in  Tessiursarsoak,  and  the  time  we  spent  at  the  foot 
of  the  inland  ice  was,  although  in  other  respects  extremely  pleasant, 
embittered  to  a  degree— of  which  those  who  have  not  experienced  it 
cannot  form  an  idea — by  countless  swarms  of  gnats.  The  Greenland 
gnat  is  like  ours,  but  its  bite  is  far  more  venomous,  though  at  first 
not  particularly  painful.  One  is  therefore  usually  too  incautious 
at  first,  and  exposes  oneself  to  twenty  or  thirty  gnat-bites  in  the 
&ce  at  once.  A  few  hours  later  one's  face  becomes  unrecognizable 
with  the  boils  and  swellings  caused  by  the  bites,  and  this  is  followed 
by  pain  and  fever,  especially  at  night,  which  hinders  sleep,  and  is 
ahnost  enough  to  drive  one  mad. 

The  inland  ice,  in  former  times,  evidently  covered  the  whole  of 
Auleitsiviksfjord,  together  with  the  surrounding  valleys,  mountains, 
and  hills.  The  ice  has  accordingly,  during  the  last  thousand  or 
hundred  thousand  years,  considerably  retired.  Now,  on  the  contrary, 
its  limit  in  these  parts  is  advancing,  and  that  by  no  means  slowly. 
Of  late  years  the  rowing  of  an  "  umiak  "  in  Tessiursarsoak  has 
been  rendered  difficult  by  ice-blocks  fallen  from  the  glaciers,  which 
is  said  not  to  have  been  the  case  formerly ;  and  one  of  our  rowers, 
Henry  Sissamiak,  even  affirms  that  he,  seven  years  ago,  without 
obstruction  rowed  round  an  island,  which  now  forms  a  peninsula 
jutting  out  from  the  margin  of  the  inland  ice.  Many  similar  exam- 
ples in  North  Greenland  are  adduced :  thus,  for  example,  the  glacier 
that  issues  into  Blasedal,  near  Godhavn,  has,  since  die  time  when 
Dr.  Rink  mapped  that  place,  according  to  the  statement  of  Inspector 
Smith,  advanced  much  farther  into  the  valley, — in  the  fjords  around 
Omenak  the  ice  has  advanced  considerably  within  the  memory  of 
man, — a  path  formerly  often  frequented  between  Sarfarfik  and 
Sakkak  is  now  closed  by  inland  ice,  eta,  etc.  I  shall  have  occasion 
hereafter  to  mention  a  similar  case  in  the  ice-fjord  at  Jakobshavn. 
In  a  word,  there  can  be  no  doubt  that  in  many  parts  of  North 
Ch*eenland  the  inland  ice  is  certainly  gaining  ground ;  but  I  never- 
theless think  that  the  conclusion  drawn  by  many  persons,  that  the 
whole  coast  of  North  Greenland  will,  at  no  very  distant  period,  be 
again  covered  with  ice,  is  somewhat  too  hastily  made.  These 
persons,  in  observing  the  phenomena  relative  to  this  subject,  not 
only  seem  to  have  forgotten  to  register  the  examples  occasionally 
adduced  by  the  Grcenlanders  of  a  retiring  of  the  ice — a  less  striking 
and  therefore  less  observed  phenomenon, — but  they  have  also  at- 
tributed far  too  great  weight  to  an  experienoe  ex\/bii<^Ti^  otA:^  osH^st  ^ 
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few  years,  which  may  perhaps  have  been  peculiarly  unfiftYOiinLbki 
On  the  contrary,  the  extensive,  rounded,  polished,  and  groorei 
border  of  land,  which  almost  everywhere  separatee  the  inland  UM 
from  the  extreme  coast,  shows  plainly  that  the  inland  ice  has  ia 
many  places  during  the  last  geological  period  retired  aeveial  milea 
That  this  border-land  has  been  uncovered  later  even  than  that  it 
Spitzbeigen  is  evidenced,  by  this  fact,  among  othera,  viz.  that  not  ooe 
of  the  numberless  small  sea-basins  in  North  Greenland,  in  spite  of  tbt 
suitableness  of  the  locality  for  moss-vegetation,  has  yet  beoome 
filled  with  turf,  even  to  the  depth  of  a  few  feet,  whi^  indicatai 
that  the  slip  of  ice-free  land  is  but  a  child  of  yesterday.  It  is  trm 
that  "  turf"  is  the  Oreenlander's  principal  winter  fuel,  bat  what  he 
means  by  that  name  is,  in  almost  all  instances,  merely  an  earth  con- 
sisting of  rotten  moss,  grass-roots,  and  guano  and  refose,  which  to 
the  depth  of  a  few  inches  is  soon  formed  on  the  skerries  and  islands 
in  the  sea,  and  serves  the  sea-fowls  as  places  of  incubation.  The 
greatest  part  of  the  Greenlander's  turf-beds  are  situated  on  guUi* 
hillocks  C'maagetuer"),  and  have,  therefore,  geologically  speaking 
nothing  in  common  with  what  we  mean  by  turf  layers.  It 
accordingly  impossible  for  me  to  collect^  as  I  had  desired,  by 
examination  of  the  older  turf-beds,  materials  for  determining  the 
latest  Post-tertiary  changes  of  climate  tiiat  have  taken  place  in 
Greenland.  But  instead,  we,  find  here  many  other  deposits,  which 
serve  at  least  to  give  an  indication  of  the  changes  that  the  animal 
world  has  undergone  during  tlie  Glacial  period. 

(To  he  continued  in  our  next.) 


ITOTICES      OIF      n^EHSJIOIErS- 
The  Fossil  Man  of  Mkntone.* 

Abstracted  from  the  Comptts  Rendus,  No.  26,  p.  151*7,  June  24,  1872. 

A  SECOND  communication  on  this  subject  lias  been  presented  by 
M.  E.  Riviere  to  the  Academy  ol*  Sciences,  containing  an 
account  of  the  measurements  of  difiereut  parts  of  the  skeleton,  and 
of  the  assoicated  fossil  fauna  found  in  tlie>  Haousso-rousae  cavern, 
and  of  which  a  notice  appeared  in  this  Magazine  for  June.  The 
skeleton  is  of  large  size  and  nearly  complete  ;  some  of  die  bones  of 
the  feet  are  wanting,  as  also  the  lower  oxtremity  of  the  left  tibia, 
and  the  posterior  extremity  of  the  calciinouiu  of  the  same  side, 
which  wore  broken  during  the  excavation.  From  the  fractured  state 
of  the  skull  it  was  scarcely  possible  to  tako  the  exact  dimensions ;  it 
was  elongate,  very  dolicocephalous,  less  lar^e  than  the  skull  No.  1 
{crdne  de  vieillard),  found  at  Cro-Magiion  in  1868,  with  which  it 
offers  the  greatest  analogy,  and  specially  with  the  orbit,  which 
presents,  as  in  that  skull,  a  very  extended  triii averse  diameter,  and 
a  very  reduced  vertical  one ;  the  snj^erior  orbital  margin  is  thin  and 
sharp,  less  so,  however,  than  that  of  tlie  hkull  No.  1  of  Cro- 
Magnon,  and  the  inferior  margin  is  al^^o  less  thick  than  in  the  latter. 
'  See  the  Gbolooical  Ma.qazin&  lot  ivji^  \;!a\^  \v.  'ill.     With  am  tngraving. 
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The  different  speoies  of  animak  found  near  the  skeleton,  in  the 
determination  of  which  M.  Riviere  has  been  assisted  by  Dr. 
S6i^hal,  are — Cabnivobes. — Felts  apdaa^  Ursus  spelauSj  TJraus,  pro- 
bably U,  areios,  Canis  lupus,  Erinaceus.  Paohtdebms. — Bhinoceros, 
Bquus,  Sub  serofcu  Buminants. — Bos  prinUgenius,  Cervus  alees,  C. 
Canadensis,  a  Cervus  smaller  than  C.  elaphus,  and  which  may  be  that 
of  CSorsica,  C,  eapreolus,  Capra  primigenia  f  (Glervais),  AnUlope 
rupicapra,  or  Chamois.  Rodents.  -^Lepus,  a  lower  jaw  with  teeth. 
Among  liie  animals  above  enumerated,  three  by  their  presence 
azound  the  skeleton  and  above  it — ^the  great  Felis,  Ursus  spelaus, 
and  Bhinoeeros,  and  which  had  been  found  previous  to  the  human 
skeleton — indicate,  M.  Bivi^re  thinks,  the  epoch  at  which  the  fossil 
man  of  Baouss^-rouss6  had  lived.  The  Beindeer  has  not  been 
found  in  the  oaves  of  Mentone,  and  its  remains  appear  to  be  equally 
wanting  in  the  other  caverns  of  Italy.  Among  i^e  principal  objeots 
foond  near  the  skeleton  were  two  flint  knives,  a  bone  pin  worked 
from  the  radius  of  a  stag,  shells  {Nassa  neritea),  twenty-two  per- 
forated canines  of  the  Stag,  all  these  objects  having  the  red  colour  of 
the  other  parts  of  the  skeleton  and  chiefly  of  the  head.  This  colour 
is  dne  to  peroxide  of  iron,  formed  by  the  hydration  of  oligist  iron,  * 
of  which  the  surface  of  the  body  had  been  covered  after  death, 
showing  the  interment  of  the  fossil  man.  This  interment  had  taken 
place  without  any  disturbance,  on  a  soil  formed  of  cinders,  charcoal, 
and  calcined  stones,  and  among  the  remains  of  the  life  of  the  period.* 

J.  M. 


Review  of  the  Contbibutions  to  Fossil  Botany  published  in 

Bbitain  in  1871. 
By  William  Carrvthbrs,  F.B.S. 

The  following  papers  have  been  published : — 

HaiIiT,  W.  H.    Fig:ure8  of  Characteristic  British  Fossils.    Part  iii.  pL  28. 

The  author  devotee  this  plate  to  representations  of  four  plants  from  the  Devo- 
nian  measures  of  Ireland  and  Scotland,  namely,  Palaopteria  hibsmica,  Schimp. ; 
Kncrria  Bailyana,  Schimp. ;  Oyelottigma  KiUorkmae,  Uaught ;  and  Leipdodmdron 
nothum,  Ung* 

BuriiET,  £.  W\  Obserrations  on  the  Structure  of  Fossil  Plants  found  in  the  Car- 
boniferous Strata.  Part  ii.  Lepidottrobut  and  some  allied  cones.  Palseont 
Soc.,  Mon.,  pp.  33-62,  pi.  yiL-xii. 

The  author  figures  two  cones,  which,  from  the  similarity  in  the  structure  of  their 
azlB  respectively  to  Zepidodendron  Hareourtii,  With.,  and  X.  vasculare,  Binney,  he 
beUeves  to  be  the  fruits  of  these  species.  Nine  cones,  belonging  to  the  same  group 
as  that  to  which  the  name  FUmiugilet  was  given,  are  figur^  and  named  as  eight 
new  species  of  Lepidottrobut,  The  most  important  observation  in  regard  to  these 
cones  IS  the  discovery,  according  to  the  author,  of  microspores  in  the  sporangia  of  the 
upper  portion  of  one  of  the  cones,  and  the  existence  m  all  of  them  of  sporangia 
inclosing  the  macrospores  (Binney)  or  sporangia  (Carruthers}.  (See  further  on,  unaer 
Squibstaoilb,  Lepidostrobtu  ambiguua.)  Under  the  name  Bowmanitet  Cambrentit 
(geo.  and  sp.  nov.),  Mr.  Binney  figures  a  Calamitean  cone,  in  which  several  sporangia 
are  borne  in  a  linear  series  on  eaca  scale.    It  is  to  be  regretted  that  the  author  gives 

1  For  a  fiirther  account  of  this  interesting  discovery,  see  the  article  by  Professor 
Jioxris  in  the  July  number  of  the  Fopular  Science  Btvitw^ 
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nn  dia^ostic  cbaracteiB  for  the  new  geniu  and  the  many  new  speciei  he  propoiam 
this  important  memoir. 

Carbutheba,  W.    On  some  8upi)08cd  Vegetable  Fossils.    Quart.  Joum.  G«oL  Sot, 
vol.  xxvii.  pp.  443-448,  pi.  xix. 
The  author  describes  some  physical  impressions  and  zoological  stmetuiea,  irinch 
have  been  erroneously  supposed  to  belong  to  the  vegetable  kingdom. 

■  On  two   Undescribed  Coniferous  Fruita  ^m  the  Secondary  Bocb  «f 

Britain.    Geol.  Mao.,  Vol.  VIII.  pp.  540-644,  PL  XV. 
The  author  describes  the  cone  of  a  second  species  of  Pine  associated  with  a  sccoii 
species  of  Seq^ioia  from  the  Oault,  and  shows  that  the  type  of  Pine  associated  viA 
the  Wcllingtonias  of  the  Gault  waa  the  same  as  that  now  found  with  these  treci  ii 
Western  North  America. 

On  the  Iliston'  and  Affinities  of  the  British  Conifera,     Abstract.    Brit 

Ass.  Reports,  40th  Mooting,  p.  71. 
The  author  traces  the  appearance,  development,  and  affinities  of  the  fossil  nd 
recent  Conifers  of  Britain. 

• On  the  Sporangia  of  Ferns  from  the  Coal  Measures.     Abstract.    Brit 

A£8.  Reports,  40th  Meeting,  p.  71. 
The  sporangia  are  referred  to  HjincnopbyllaceouB  Ferns. 

Remarks  on  the  Fossils  from  the  Railway  Section  at  Huyton.     Abotnct 


Brit.  Ass.  Reports,  40th  Meeting,  p.  71. 
The  author  described  in  general  terms  a  series  of  Carboniferous  fossils  collected  at 
Huyton  by  the  Rev.  II.  Ui^j^ns. 
--• Note  on  an  Anthoiithcs  discovered  by  C.  W.  Peach,  Esq.     Abstract.    Biit 

Ass.  Reports,  40th  Meeting,  p.  72. 
The  specimens  showed  that  Antholithet  were  the  spikes  of  CardioeafpoH, 
Dawson,  J.  TV.    On  Spore-cases  in  Coals.     (Reprinted  from  *  Silliman*a  Journal,' 

April,  1871.)  Ann.  Mag.  Nat.  Hist.  1871,  pp.  321-329. 
The  author  figiires  some  spore-cases  from  a  orown  bituminous  shale  of  Upper 
Devonian  age  from  Kettle  Point,  Lake  Huron,  which  he  names  Sporangites  IlHroncHW 
and  he  considers  tlioy  belong  to  tho  Rpocies  of  Lrpidodt-udron  found  in  tho  bed.  Hi« 
SporangiUH  glabra  is  "  almost  without  doubt  the  spore-cases  of  Z.  corntgatuni.'*  hi 
has  found  spore -cases  in  many  American  coals,  out  he  considers  thtiir  presence  u 
"  accidental  rather  than  essential  to  coal-formation." 
The  Fossil  Plants  of  the  Devonian  and  Upper  Silurian  Formations  of 

Canada.  Montreal  and  London,  1871,  p.  100,  pi.  i.-xi. 
The  author  jj^ivrs  the  results  of  his  researclies  in  these  strata  prosecuted  for  several 
vears,  aiul  here  brouj^ht  to  a  conelusion,  so  far  as  the  accessible  material  will  admit, 
lie  reports  more  than  120  species  of  land  plants.  The  work  is,  with  u  few  addition;! 
and  some  necessary  ehauj^cs,  the  same  as  the  memoir  read  to  the  Royal  S«>cioty  in 
1870,  and  now  in  its  arcliives.  Twenty-six  new  species  are  named,  mi>Ktly  founded 
on  verj'  inijuTlect  materials,  and  imperfectly  described.  These  new  species  are  in- 
cluded in  the  systcmiatic  list. 
On  New  Tree-fenis  and  other  Fossils  from  the  Devonian.     Quart.  Joum. 

Geol.  So(;.  vol.  xxvii.  pp.  269-275,  pi.  xii.   Abstract.     Gbol.  Mao.,  Vol.  VIII. 
J).  231. 
Three  Fern  stems  and  some  other  fossils  are  described  in  this  paper  from  the 
Devonian  roeks  of  North  America. 
' On  the  Structure  and  Affinities  of  Sigillaria^  Calatmtes^  and  Calamodtu- 

drou.  Quirt.  .Tourn.  Geol.  Soc.  vol.  xxvii.  pp.  147-161,  pi.  vii.-x. 
The  author  holds  that  Calamiien  and  Lepidodefufron  are  distinctly  oryptogamous, 
and  are  related  to,  or  included  in  E(/uis€tacea  and  Lyeopodiaetce  ;  but  OiftituffdtudroH 
seems  to  form  a  connecting  link  between  Calamites  and  the  ribbed  ^Si'jitlfnur,  while 
Ltpidttphlnios  seonis  to  connect  Ltpidodtndra  with  Sigillaria  of  tht»  laittiaria  type. 
On  the  other  hand,  the  ribbed  SigillaritB  may  be  related  through  JJadoxijlvn  to  the 
modern  Conifers,  an«l  tlie  Favularue  may  be  related  to  the  Cycads. 
IIjEER,  Oswald.     On  the  Carboniferous  Flora  of  Bear  Island.     Abstract.     Qiuirt. 

Joum.  Geol.  Soc.  vol.  xxvii.  p.  I ;  Ann.  Mag.  Nat.  Hist.  vol.  vii.  p.  17o. 
The  author  compares  the  tlora  of  this  island  with  the  plants  found  in  the  Yellow 
Sandstones  of  In-land,  and  concludes  that  they  are  of  Lower  Carboniferous  ago,  and 
form  a  special  ^vuuj),  for  which  he  proposes  the  name  **  Ursa-stage."' 
Hull,  Ldwaud.    Cn  the  (ieological  Age  of  the  Rallycastle  CoalHeld,  with  rala[K)nto- 

lo/j^cai  Notes  by  W.  11.  liaiVy.    3o\itti.  ^o"^.  G^qI.  Soc,  Ireland,  vol.  ii. 
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The  anthor  eonsiden  ^ese  beds  the  equi?aleiitB  of  the  Upper  beds  of  coal  wider 
the  Lower  Carboniferous  series  of  Scotland.  The  report  by  Mr.  Bailj  on  the  fosrils 
eonfirms  this  opinion.  The  only  fossils  founds  belong  to  known  species  of  the  genera 
SigtUaria  and  Lepidodendrwi. 

Phillips,  John.    Geology  of  Oxford  and  the  Valley  of  the  Thames.    Oxford,  1871, 
pp.  523. 
This  Tolame  contains  lists,  and  sometimes  descriptions  and  figures,  of  the  plant- 
lemains  found  in  the  different  formations  within  the  boundaries  to  which  it  refers. 
.The  new  species  are  included  in  the  systematio  list 

Thomson,  J.    On  the  Occurrence  of  Stigmaria  stellata,  Eichw.,  in  the  Lower  Car- 
boniferous rocks,  Lanarkshire.    Abstract.    Geol.  Mao.  Vol.  VIIL  p.  236. 
Williamson,  W.  C.    On  the  Organization  of  Volkmanma  Lawtoni,    Mem.  Lit. 
Phil.  Sea  Manch.,  3rd  series,  vol.  t.  pp.  28-40,  pi.  L-iii.    Abstract.    Proc. 
Lit.  PhiL  Soc  Manch.  vol.  x.  pp.  105,  106. 
The  author  describes- the  minute  structure  of  a  Oalamitean  cone  of  the  same  tm 
as  that  to  which  Binney  had  giyen  the  name  Bowmanil4$  Camirensis,   Each  whorl  of 
leaTes  in  the  cone  supports  several  sporangia  in  a  linear  series. 

On  Stigmaria.    Abstract.    Proc.  Lit  Phil.  Soc.  Manch.  vol.  x.  pp.  116- 

.    118. 

The  author  describes  this  fossil  as  having  a  true  cellular  pith  and  two  kinds  of 
medullary  rays.    It  couid  not  be  the  root  of  Lepidodendron,  and  it  ^owed  that  we 
were  still  ignorant  of  the  internal  organization  of  Sigillaria, 
'  On  the  Organization  of  the  Stems  of  Calamites.    Abstract.    Brit.  Ass. 

Reports,  40th  Meeting,  pp.  89,  90.    Abstract.    Proc.  Boy.  Soc.  vol.  xix.  pp. 
268-271.    Ann.  Mae.  Nat  Hist.  pp.  299-302. 
The  author  describes  tne  minute  structure  of  the  stems,  which  he  places  in  two 
generic  ^ups,  the  Catamites  and  Calamopitua^  the  former  to  comprehend  those 
witiioat  mfraiiodal  canals,  the  latter  those  which  possess  them. 
■  On  the  Organization  of  the  Fossil  Plants  of  the  Coal  Measures.    Part  ii., 

Lepidodendra  and  Sigillaria,    Abstract.    Proc.  Roy.  Soc>  vol.  xix.  pp.  500- 
504.    Ann.  Mag.  Nat  Hist,  ppu  134-138. 
The  author  describes  the  structure  of  Lepidodendron^  SigiUaria,  LiploxgUm^  Ulo- 
dendnm^  Halwiia^  and  Favularia^  and  believes  that  all  these  forms  are  but  modifica- 
tions of  the  Lcpidodendroid  type. 

ToTTNO,  J.,  ana  Jas.  Armstrong.    On  the  Carboniferous  Fossils  of  the  West  of 
Scotland.    Trans.  Geol.  Soc.  Glasgow,  vol.  iii.,  Suppl. 
The  authors  give  a  systematically-arranged  list  of  the  known  fossil  plants,  amount- 
ing in  all  to  ninety  species,  with  the  localities  where  they  have  been  found. 

Synopsh  of  the  Genera  and  Species  Described  or  Figured  in  the  Memoirs 

enumerated  above. 

FiLIOBS. 

Caulopteris  Lockwoodij  Dawson,  Quart.  Joum.  Geol.  Soc,   voL  xxvii.  p.  270; 

pi.  xii.  f.  1-3.     Devonian.     Gilboa. 
C.  antiqua^  Newb. ;  Daws.  Quart.  Journ.  Geol.  Soc.  vol.  xxvii.  p.  271 ;  pi.  xii. 

t  4.     Devonian,     Ohio. 
C.  peregrina,  Newb.  L  c.  p.  272 ;  pi.  xii.  t  506.     Devonian,    Ohio. 
Qloseopterii  longifoliue^  Phillips,  Geol.  Oxford,  p.  168.     Oolite.     Eyeford. 
Neuropterie  retorquata,  Daws.  JPoss.  PI.  Canada,  p.  50 ;  pi.  xvii.  f.  197.    Devonian^ 

Lepreau. 
N.  Selwgni,  Daws.  1.  c. ;  pi.  xvii.  f  198.    Devonian.     St.  John. 
FaUBopterie  hibemieaj  Schimp. ;  Baily,  Characteristic  British  Foss.  pi.  28,  f.  1. 
Feeopteris  approximatay  Phillips,  Geol.  Oxford,  p.  168;  diag.  xxviii.  f.  2.     Oolite^ 

Stonesfield. 
F.  defi$ifolia^  Daws.  Foss,  PL  Canada,  p.  56 ;  pi.  xviL  f  195,  196.    Devonian^ 

St  John. 
F,  diversa,  Phillips,  1.  c. ;  diag.  xxviii.  f.  1.     Oolite,     Stonesfieldi 
F.  ineiMy  Phillips,  1.  c. ;  diag.  xxviii.  f.  5.     Oolite.    Stonesfield. 
FwroniuM  EriannSy  Daws.  Foss.  PL  Canada,  Bf  8.    Devonian,    New  York. 
F.  textilie^  Daws.  1.  c.  p.  59.     Devonian.     NS?  York. 

Raehiopterie  gigantea.  Daws.  Foss.  PL  Canada,  p.  57.    DevoniMi.    ^«^  X^iP^ 
M.  palMota,  Daws.  1.  c.    Devofiian.    New  York. 
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Si^mtpttHi  pfumm,  VUX^  GtooL  Oxfctd»  p,  16g;  diig,  nwfiL  1 1,    Orilb. 
&«*teMlMi^]k«i.Fm.FLOHUida»n.«S;  pl.xn.tl86w    No&Mditr. 

ntniMiflfiW, 

SqI7IIITAC9LB« 

Ammlmrim  km^  Dmvi.  Fo«.  FL  OtMidn,  p.  SI;  9L  ?L  £  64-«t. 

MtmropAfOUm  Imiim,  Bavi.  Fom.  PL  OtMda,  pi  89;  jLr.  IMU 

StJolm.   . 
Jmmmnm!^  (kmOmmt,  Buiaey,  Gtib.  FL  p.  69 ;  pL  liL  FbL  800. 

Pontypool,  8.  Wales. 
OUtmittf,  WniuMMO,  Brii  An.  B«p.  40di  Meeting,  p.  89;  Fnc  B«gr.  See. 

ToL,  XXI.  p.  268. 
CthiMdmibm mUiqttim,  Dwn.  TmL  VL  Cmada,  p.  24;  pLifi.£89. 


(Mmupiim,  WiUkmiGa,  Bm.  An.  Bep.  400^  Meetug^  p.  90;1Pkoe.  Boj.  8oe. 
ToLxix.  p.  271. 

Zipidottrobua  t  mtkigmUf  BisBey,  Cub.  Fl.  p.  56 ;  bL  xL  f.  1.  Fd.  Bat,  Vm 
uidoiibtodly  beloogi  to  the  mub  Bowmmitu,  wmch  Mr.  Bimiej  towi  fm  Ui 
next  plate.  The  elabonte  mwinga  and  deaeriptioBB  of  ProftMOiwBB— ioa 
Aow  Deyoiid  donbl,  nfliat  the  analogy  «f  allied  planta  made  one  e^eot,  tknllha 
voimd  hodiei  are  apoTangia,  and  not  aa  Mr.  Binney  ai^goeeB  ■Mrapora:  and 
the  introdnetion  of  a  large  aac  indoan^  the  raora^gu  in  tliia  ipecieB  —rrp  il 
donhtfld  whether  they  enat  in  the  roeoonenf  of  eonea  of  JWiawjytfit^  m]iA  ha 
flgnreeaaaeTenq^eeiesofZiSptiiMfraAft.  Beaklea,  the  pveparntioM  «f  PMaor 
flnxley  hate-  4)ondnaiTely  eitabliahed  my  inteiprelation  of  the  **  ■UMRMpom," 
for  he  had  detected  arcnnd  theee  bodiea  immenae  qnantitiea  of  nderaapana 
oomposed,  as  m  R.  Brown'a  Triploiporite$,  of  three  spomlea,  aad  in  tha  interior 
of  some  of  the  *'  maorospores  "  themselTee  he  had  obeored  and  haa  ahofm  to  me 
fereral  mioroeporee  yet  remaining.    CarboniUrout.    Arran. 

JHfmuUna  tiwgata^  Daws.  Foae.  FL  Oanada,  p.  83 ;  pi.  yii  f.  77.  Jkmmiim, 
St.  JohxL 

P.  nodota,  Dmn.  1.  c. ; jpL  Tii.  f.  78.    Devcnum.    St.  John. 

Sphenttphyllum  ovale,  FhillipBy  Geol.  Oxford,  p.  86 ;  f.  8.  OtMrbemifirom.  Foroit 
of  Dean. 

Volkmannia  Dawtoni,  Williameon,  Mem.  lit.  PfaiL  Soc.  Manbh.  8id  aer.  toL  ▼. 
p.  28 ;  pi.  i.-iii.  This  obTiooBly  belongs  to  Binney's  genus  BovmaniUB^  and  is 
perh^M  the  same  species  as  that  of  which  Binney  figures  tha  extenial  lorm. 
Carbomferout, 

Ltcopodiacba. 
Arthrostigma  grccile.  Daws.  Foes.  PI.  Canada,  p.  41 ;  pi.  xiiL    IkvoniUm.    6a^»e. 


Dawson's  restoration. 
Cyelostigma  dennfolitmy  Daws.  Foes.   PL  Canada,  p.   43;  pi.  TiiL  £.  92-96. 

DffHtnian,    Oaspe. 
C.  Kiltorkente,  Haught. ;  Baily,  Characteriatic  Brit  Foes.  pL  28.  f.  3.    JDtvmimu 

Kiltorkan. 
Knorria  Bailyana,  Schimp.;  Baily,  Characteristic  Brit  Foss.  pL  28.  f.  2.   JDmtmiah. 

Kiltorkan. 
Zfpidodendron,  Williamson.  Proc.  Roy.  Soc.  vol.  xii.  p.  600. 
Z.  Uarcourtiiy  Witham;  Binney's  Carb.  Fl.  p.  46;  pi.  yii.  Pal.  Soc.    Omrhonifimu, 

Oldham. 
2.  mthum,  TJn^.  Baily,  Characteristic  Brit.  Foss.  pi.  28,  f.  4.  IWonion.  Caithness. 
L.  vasculare^  Binney,  Paksont  Soc.  L  c.  P>  49 ;  pi.  riii.    CarbomUrout,    Oidham. 
Lepidophloioe  antiquitu.    Daws.   Foss.  PI.  Canada,  p.  36;  pL  TiiL  f.  90,  91. 

Devonian,    Gaspe. 
Z,  dubiutf  Binney,  1.  c.  p.  62 ;  pi.  ix.  f.  3.    Oatbon^lfrom.    Airdiie. 
Z.  I[ddbertian%t,  Binney,  L  o.  p.  55  *,  p\.  x.  t.  ^    OarWn^trows.    Bnrdiahonaa. 


08011  in  Ito€.  Lit.  and  Fhil.  Soc.  toI.  x.  p.  116. 

F068.  Fl.  Canada,  p.  23 ;  pL  iii.  f.  33.    hevonian,    Oaape. 

iws.  I.  e.  p.  23 ;  pi.  iii.  f.  84.    Devonian,    Oaape. 
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Z.  iMtm,  Bimiey,  L  c.  Db  57 ;  pi.  xL  f.  8.    Cktrbonifirom,    Ama. 

Z.  UfridtmUf  Bizmeyy  1.  e.  p.  64  \jA.  x.  f.  i.     Giirhon\fen>ua,    Airdrie. 

Z.  Jimteliianui,  Binney,  1.  c.  p.  M  ;  p).  ix.  f.  1,  2.     Carboniferous..   Airdrie. 

Z.  tenuitf  Binnej,  L  o.  p.  53 ;  pi.  ii.  f.  4.     Oarboniferom,    Airdrie. 

Z.  Wmtuehiamu,  Binner,  1.  c.  p.  56 ;  pL  xL  f.  2.    Carboniferout.    Arran. 

SigiUaria,  Williamson,  Proc*  Boy.  Soc.  toI.  xix.  p.  500. 

Stigmaria,  Williamson  in  Plroc.  Lit.  and  Phil.  Soc.  vol.  x.  p.  116. 

8,  areolatm,  DawB. 

8.  mimttinimA,  Daws. 

8.  perUUa,  Daws.  1.  c._p.  22~;  pi.  iiu  f.  82.    Devonian,    St  John? 

8,ttellaia,  Eiohw.;  Thomson,  Gbol.  Mao.  Yol.  VIII.  p.  236.     Carboni/eroue. 

Lanarkshire. 
Ctcadbjb. 
JPaUeoaamia  megaphytta,  Fhilipe,  Geol.  Oxford,  p.  109;  diag.  xxi.  f.  1.    Ooiite, 

Stone^dd. 
FterophyUmn  Bueknumni,  Phillips^  GeoL  Oxford,  p.  170.    Oolite.    Sevenhamptoiu 

CoiflFBSJB. 

AntholitheeJIoridue^  DawB.  Foes.  Fl.  Canada,  p.  63 ;  pi.  xix.  f  236.    No  localityf 
Arauearitee  epharoearpue,  Carr.  Oeqil.  Mao.  Vol.  YIII.  p.  542.    OolOe,    Bruton, 

Somenetshire. 
SraehfphyOum  eolitarium^  Phillips,  Oeol.  Oxford,  p.  120.     Liae,    Kdford. 
Oardioearpon  ovale.  Daws.  Fobs.  Pi.  Canada,  p.  60;  pi.  zx.  f.  223,  224.    Devonian, 

St.  John. 
CarpoUthee  eompaehUf  Daws.  Fon.  PL  Canada,  p.  63 ;  pi.  xix.  f.  229.    Devonian. 

at,  John. 
Dadoxfflon  Newberrvi.  Daws.  Fobs.  PI.  Canada,  p.  14 ;  pL  i.  f.  7-9.    Devonian. 

Ohio. 
Ormogplon  manum,  Daws.  Foes.  PI.  Canada,  p.  14 ;  pi.  i.  f.  10-14.    Devonian. 

New  York. 
Finitet  defeetue,  Carr.  Gbol.  Mao.  Yol.  YIII.  p.  541.      Kimmeridge   Clay. 

Kimmeridge. 
P.  hexagonw,  Carr.  Gbol.  Mao.  Yol.  YIII.  p.  540 ;  PI.  XY.    Oault,    Folkestone. 
SeqmHtee  ovalie,  Carr.  Gbol.  Mao.  Yol.  YIII.  p.  541.     Qa^.    Folkestone. 
Trigonoearpum  peraniiquum,  DawSb  Foss.  PI.  Canada,  p.  62;  pL  xix.  f.   228. 

Devonian.    St.  John. 
IncxbtjB  sbbis. 

Breea  eulaseioides,  Lloyd ;  Pbillips^  Geol.  Oxford,  p.  95.    Fermkm,    Meriden. 
Carpolithet  plenue,  Phillips,  Gedi,  Oxford,  p.  300;  pi.  xiii.  f.  1.  2.     Coralline 

Oolite,    Marcham. 
ycfffgerathia  Oilboeneie^  Daws.  Quart.  Joum.  GeoL  Soc.  toI.  xxvii.  tk  273 ;  pi.  xii. 

f.  8.    Devonian,    Gilboa.    It  is  impossible  to  determine  what  this  fragment  is, 

and  it  is  to  be  regretted  that  it  has  receiyed  a  specific  name. 
Excludbd. 

Carpolithet  permiantte,  Gcin. ;  Carmthers,  Quart.  *  Joum.  Geol.  Soc.  toI.  xxyii. 

p.  446. 
C,  umbonatw,  Stemb. ;  Carmthers,  Quart.  Joum.  Geol.  Soc.  voL  xxyii.  p.  446 ; 

pL  xix.  f.  12-17. 


Gkolooioal  Society  of  London. — L — June  6, 1872. — J.  Gwyn 
Jeffreys,  Esq.,  F.R.S.,  in  the  Chair. — ^The  following  communications 
were  read : — 1.  "  Notes  on  Sand-pits,  Mud-Tolcanoes,  and  Brine-pit6, 
met  with  during  the  Yarkand  Expedition  of  1870."  By  Oeorge 
Henderson,  M.D.,  F.L.S.  Communicated  by  B.  Etheridge,  Esq., 
F.R.S.,  F.G.S. 

The  author  described  some  very  remarkable  circular  pits  which, 
occurred  chiefly  in  the  valley  of  the  Kaxaka^  xvN«t.   ^\^^*«b»  ^>^» 
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varied  in  diameter  from  six  to  eight  feet,  and  were  between  two  and 
three  feet  deep,  the  distances  between  £he  pits  being  about  the  same 
as  the  diameters.  Ho  aooounted  for  the  formation  of  the  pits  by 
supposing  that  the  water,  which  sinks  into  the  gravel  at  the  head  of 
the  valley,  flows  under  a  stratum  of  clay,  which  prevents  it  from 
rising;  the  water  in  course  of  time,  however,  flowing  in  very  varying 
quantities  at  different  periods,  gradually  washes  away  small  portioiu 
of  the  clayey  band,  when  the  sand  above  runs  through  into  the 
cavity  thus  formed,  leaving  the  pits  described  by  the  author.  The 
mud-volcanoes  at  Tarl  Dab  he  accounted  for  by  supposing  that  after 
a  fall  of  rain  or  snow  the  air  contained  in  the  water-bearing  Btratom 
would  get  churned  up  with  water  and  mud,  and  be  ejected  as  a  frothy 
mud,  sometimes  to  a  height  of  three  feet ;  while  the  brine-pits  in 
t]ie  Karakash  valley  he  believed  to  be  formed  by  the  exoeasive  rite 
and  fall  in  the  level  of  that  river  at  various  times,  which  alternately 
fills  and  empties  the  bottoms  of  the  pits,  and  the  water  left  in  the 
pits  gets  gradually  concentrated  by  evaporation  until  a  strong  brine 
remains. 

Di8cus8ioir.-^Mr.  Prestwieh  pointed  oat  that  the  piti  leemed  due  to  qvitt 
another  cause  than  the  pipes  in  the  Chalk  and  other  calcareous  rocks,  as  they  dia  not 
appear  to  arise  from  erosion  by  carbonic  acid. 

Afr.  Thorp  suggested  an  analogy  between  the  phenomena  in  Yarkand  and  those  at 
Kantwych,  and  thought  that  the  pits  might  be  due  to  solution  of  roek-saU  below  tiie 
surface. 

2.  "  On  the  Cervidse  of  the  Forest-bed  of  Norfolk  and  Suflfolk." 
By  W.  Boyd  Dawkins,  Esq.,  M.A.,  F.R.S.,  F.G.S. 

The  author  described  a  new  form  of  Cervus  from  the  Forest-bed 
of  Norfolk  which  he  based  on  a  series  of  antlers,  and  named  C,  ver- 
ticomis.  The  base  of  the  antler  is  set  on  the  head  very  obliquely ; 
immediately  above  it  springs  the  cylindrical  brow-tyne,  which  sud- 
denly curves  downwards  and  inwards ;  immediately  above  the  brow- 
tyne  the  beam  is  more  or  less  cylindrical,  becoming  gradually  flattened. 
A  third  flattened  tyne  springs  on  the  anterior  side  of  the  beam,  and 
immediately  above  it  the  broad  crown  terminated  in  two  or  more 
points.  No  tyno  is  thrown  off  on  the  posterior  side  of  the  antler, 
and  the  sweep  is  uninterrupted  from  the  antler  base  to  the  first  point 
of  the  crown.  Tlie  antlers  differ  in  curvature  and  otherwise  from 
those  of  Cervus  megaceroSy  but  there  is  a  general  resemblance 
between  the  two  animals ;  and  the  verticomia  must  have  rivalled  the 
Irish  Elk  in  size.  A  second  species  of  Deer,  the  Cervus  camutorumf 
which  liad  been  furnished  by  the  strata  of  St  Prest  near  Chartres, 
must  be  added  to  the  fauna  of  the  Forest-bed.  Tlie  Cervidse  of  the 
Forest-bed  present  a  remarkable  mixture  of  forms,  such  as  the 
Cervus  poUgnacus,  C.  Sedgwiclcii,  C.  megaceros,  C,  camutorum,  C. 
elaphusy  and  C  capreolus,  seeming  to  indicate  that  in  classification 
the  Forest-bod  belongs  rather  to  an  early  stage  of  the  Pleistocene 
tlian  to  the  Pliocene  age.  This  inference  is  strongly  corroborated 
by  the  presence  of  the  Mammoth,  which  is  so  characteristic  of  the 
Pleistocene  age. 

S.  *'  The  Classification  oi  t\iQ  T^\e\&\AQ«n&  ^Vc^ta.  of  Britain  and 
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die  Contixient  by  means  of  the  Mammalia."    By  W.  Boyd  Dawkins, 
Bml,  ha.,  F.B.&,  F.G.S. 

The  Pleistooene  deposits  may  be  divided  into  three  groups : — 1st, 
that  in  which  the  Pleistocene  imthigrants  liYed,  with  some  of  the 
aouthem  and  Pliocene  animals  in  Britain,  France,  and  Glermany,  and 
in  which  no  arctic  mammalia  had  arrived ;  2nd,  that  in  which  the 
characteristic  Pliocene  Cervidse  had  disappeared,  and  the  Elephas 
meridionaUs  and  Bhinoceros  etruscus  had  been  drivem  south;  3rd, 
that  in  which  the  true  arctic  mammalia  were  the  chief  inhabitants. 

This  third,  or  late  Pleistocene  division,  must  be  far  older  than  any 
Prehistoric,  deposits,  as  the  latter  often  rest  on  the  former,  and  are 
composed  of  different  materials ;  but  the  difference  offered  by  the 
fauna  is  the  most  striking.  In  the  Pleistocene  river-deposits  twenty- 
eight  species  have  been  found,  the  remains  of  man  being  associated 
with  the  Lion,  Hippopotamus,  Mammoth,  Wolf,  and  Heindeer.  On 
examining  the  fauna  from  the  ossiferous  caves,  we  find  the  same 
group  of  animals,  with  the  exception  of  the  Musk-sheep  ;  and  it  is 
therefore  evident  that  the  cave-fauna  is  identical  with  that  of  the 
river  strata,  and  must  be  referred  to  the  same  period.  Some  few 
animals,  however,  which  would  naturally  haunt  caves,  are  peculiar 
to  them,  as  the  Cave-bear,  Wild  Cat,  Leopard,  eta 

The  magnitude  of  the  break  in  time  between  the  Prehistoric  and 
late  Pleistocene  period  may  be  gathered  also  from  the  disappearance 
in  the  interval  of  no  less  than  nineteen  species. 

The  middle  division  of  the  Pleistocene  mammalia,  or  that  from 
which  the  Pliocene  Cervidaa  had  disappeared,  and  been  replaced  by 
invading  temperate  forms,  is  represented  in  Great  Britain  by  the 
deposits  of  the  Lower  Brick-earths  of  the  Thames  valley,  and  the 
older  deposits  in  Kent's  Hole  and  Oreston.  The  discovery,  by  the 
Bev.  0.  Fisher,  of  a  flint-flake  in  the  undisturbed  Lower  Brick-earth 
at  Crayford,^  proves  that  man  must  have  been  living  at  this  time. 
The  mammalia  from  these  deposits  are  linked  to  the  Pliocene  by 
the  Bh,  megarhinusj  and  to  the  late  Pleistocene  by  the  Ovibos  mos- 
chaiu8.  The  presence  of  Macharodus  laiidens  in  Kent's  Hole,  and 
of  the  Bh.  megarhinus  in  the  cave  at  Oreston,  tends  to  the  conclu- 
sion that  some  of  the  caves  in  the  south  of  England  contain  a  fauna 
that  was  living  before  the  late  Pleistocene  age.  The  whole  assem- 
blage of  middle  Pleistocene  animals  evinces  a  less  severe  climate 
than  in  the  late  Pleistocene  time. 

The  fossil  bones  from  the  Forest-bed  of  Norfolk  and  Suffolk  show 
that  in  the  early  Pleistocene  mammalia  there  was  a  great  mixture 
of  Pleistooene  and  Pliocene  species.  It  is  probable  also  that  the 
period  was  one  of  long  duration ;  for  in  it  we  find  two  animals  which 
are  unknown  on  the  Continent,  implying  that  the  lapse  of  time  was 
sufficiently  great  to  allow  of  the  evolution  of  forms  of  animal  life 
hitherto  unknown,  and  which  disappeared  before  the  middle  and  late 
Pleistocene  stages. 

The  author  criticized  M.  Lartet's  classification  of  the  late  Pleis- 
tooene or  Quaternary  period  by  means  of  the  Gave-beax,  Mass^ny^v^^ 
Beindeer,  and  Aurocha,  and  urged  that,  Bince  ^<^  t^tc^s^^  ^'i  ^ 

'  See  Obol.  Mao.,  June,  p.  ^^^. 
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tbeee  ammab  wem  mtimaMy  aMOoiated  intihe  o«rai  of  'FnaabfOm- 
many,  and  Britain,  and  ao  fir  aa  we  know,  the  flrat  two  jtgjgmnl 
and  diHq[>peazed  ixMifher  and  the  laat  two  li^ed on  into  mafei- 
biatofto  age,  th^  m  not  aiflbrd  I  baaia  for  a  ohionoldsr. 

The  lateat  of  the  thxee  diTiaiona  of  the  Britiah  PiSatooeiie  ftaa 
la  widely  apxfead  tfaioa(^  Ftaiuie,  Oennany,  and  BoeaiA.  Irofli  fti 
En^h  Ohannel  to  the  ahofea  of  the  Meditenranaan.  The  IBifli 
Heiatooene  ia lepteaented  by  a  riTer-depoait  in  AnTotgne^  andWa 
eave  in  the  Jma,  in  wUoh  the  pffeaenoe  of  the  KachmroAm  faftawi 
and  a  non-tidhorme  Bhinoooroa,  and  the  abaenoe  of  tlw  ahttaa- 
teriatio  arotio  groap  of  the  late  Pleiatocane  and  of  all  the  pauulhfl 
animala  of  the  early  Forsat-bed  atage^  prove  that  that  am  woiiba 
Middle  Pleiatooene.  The  early  Pleiatooene  dMaloii  ia  riipiitiaMiliiil 
in  Franoe  by  the  TiTer-depoiit  at  Ghartrai,  beinar  ohanotosiaed  by 
the  pveaenoe  of  two  noh-Pliooene  animalBi  TrogoMenm^  and  Cbraw 
cotmuwTwiim 

The  Pleiatooene  nmrnmaHa  of  the  regiona  aooAi  of  the  Alpa  and 
Pyreneea  present  no  trace  of  tmly  arotio  ajpeoleai  ihB  Mmiawft 
bdng  viewed  aa  an  animal  fitted  for  the  olimatal  eondfitiaiia  botti 
of  Northern  Siberia  and  of  the  Boathernatatea  of  America.  Hmt^ 
taina  Ekpkag  Afriemmm  and  Sgmia  t  Irtola. 

The  &mia  of  Soily»  Malta,  and  Crete  differ  conaidaraUy  ftom 
that  deaoribed  above,  poflaesBing  some  peonliar  forma,  anoh  aa  Bf' 
popotamus  PenUandi,  Mjfoxua  mdiiengis  and  Elephaa  meUtentU, 

The  Pleistocene  mammalia  may  be  divided  into  five  groupa,  eaoh 
marking  a  differenoe  in  the  climate,  the  first  embracing  those  whiok 
now  live  in  hot  coimtries ;  the  second  those  which  inhabit  northern 
regions,  or  high  monntains,  where  the  cold  is  severe ;  the  third 
those  whioh  inhabit  temperate  regions ;  a  fourth  those  whldi  are 
found  alike  in  hot  and  cold ;  and  a  fifth,  which  are  eidinot 

There  were  three  dimataJ  zones,  marked  by  the  varying  range  of 
the  animals.  The  northern,  into  which  the  southern  forms  never 
penetrated,  the  latitude  of  Yorkshire  being  the  boundary  of  the 
advance  of  the  southern  animals;  the  southern,  into  whioh  the 
northern  species  never  passed,  a  line  passing  through  the  Alps  and 
Pyrenees  being  the  limit  of  the  range  of  the  northern  animals ;  and 
an  intermediate  area  in  which  the  two  are  found  mingled  together. 

Two  out  of  the  three  zones  are  proved  by  the  physical  evidenoe 
of  the  Pleistocene  strata. 

We  see  by  the  discoveries  of  Dr.  Bryce,  Mr.  Jameson,  and  otfaan, 
that  the  Pleistocene  mammalia  must  have  invaded  Europe  during  the 
first  Glacial  period  before  the  submergence,  for  the  Beindeer  and 
the  Mammoth  have  been  found  in  Scotland  under  the  deposits  of  the 
Boulder-clay.  Dr.  Falconer  and  others  have  also  discovered  the 
latter  animal  in  the  preglacial  Forest-bed.  The  Glacial  peiriod 
can  therefore  no  longer  be  looked  on  as  a  hard  and  fast  barrier  sepa- 
rating one  fauna  from  another.  If  man  be  treated  as  a  Pleiatooene 
animal,  there  is  reason  to  believe  that  he  formed  one  of  the  North 
Asiatic  group,  which  was  certainly  in  possession  of  Northern  and 
Central  £urope  in  Preglaioial  timea. 
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The  Pleietocene  mammalia  may  again  be  divided  into  three 
groups,  those  which  came  from  Northern  and  Central  Asia,  those 
from  Africa,  and  those  which  were  living  in  the  same  area  in  the 
Pliocene  age.  Had  not  the  animals  which  lived  in  Europe,  daring 
the  Pliocene  age,  been  insulated  from  those  which  invad^  Europe, 
from  Asia,  by  some  impassable  barrier,  the  latter  would  occur  in 
our  Pliocene  strata  as  well  as  the  former.  Such  a  barrier  is  offered 
by  the  northern  extension  of  the  Caspian  up  the  valley  of  the  Obi, 
to  the  Arctic  Sea.  The  animals  of  Northern  and  Cenlaral  Asia  could 
not  pass  westwards  until  the  barrier  was  removed  by  the  elevation 
of  the  sea-bottom  between  the  Caspian  and  the  Urals. 

The  same  argument  holds  good  as  to  the  African  mammalia, 
which  could  not  have  passed  into  Sicily,  Spain,  or  Britain  without  a 
northward  extension  of  the  African  mainland. 

The  relation  of  the  Pleistocene  to  the  Pliocene  fauna  is  a  ques- 
tion of  great  difficulty.  If  the  Pliocene  fauna  be  compared  with 
that  of  tiie  Forest-bed,  it  will  be  seen  that  the  difference  between 
them  is  very  great.  The  Pliocene  Mastodon  and  Tapir,  and  most  of 
the  CervidsB,  are  replaced  by  forms  such  as  the  Boe  and  Bed-deer, 
unknown  until  then ;  but  many  of  the  Pliocene  animals  were  able 
to  hold  their  ground  against  the  Pleistocene  invaders,  although  they 
were  ultimately  beaten  in  the  struggle  for  existence  by  the  new 
comers.  The  fauna  which  the  author  adopted  as  typically  Pliocene 
is  that  furnished  by  the  lacustrine  strata  of  Auvergne,  the  marine 
sands  of  Montpelier,  and  the  older  fluviatile  strata  of  the  Val  d'Amc 

Discussion. — Mr.  Frestwich  was  hardly  prepared  to  accept  the  proposed  dlTision 
of  the  Pleistocene  mammalia  into  three  groups ;  at  all  erents  so  fiu:  as  Britain  was 
ooncemed.  Neither  could  he  draw  that  distinction  between  the  beds  at  Erith  and 
Grap  and  those  higher  up  the  Thames,  which  found  favour  with  the  author.  The 
barrier  offered  by  the  river  itself  might  to  some  extent  account  for  the  absence  of 
Beindeer ;  and  though  there  was  a  difference  in  the  fauna  in  the  two  cases,  it  seemed 
hardly  enough  to  mark  any  great  distinction  in  time.  As  to  the  Hippopotamus, 
which  occurred  over  the  whole  of  Northern  Europe,  associated  with  the  Musk  Ox 
and  large  boulders,  he  could  not  see  how  the  conclusion  was  to  be  escaped  of  its 
having  been  able  to  withstand  greater  cold  than  its  present  representative.  Though 
the  winters  might  have  been  colder,  there  was  evidence  in  favour  of  the  summers 
having  been  warmer ;  and  the  flora  seems  to  have  been  much  like  that  of  the  present 
day.  The  probable  migrations  of  the  different  animal  noups  had  already  been 
pomted  out  by  M.  Lartet,  though  Mr.  Dawkins  had  carried  his  investigation  of  the 
subject  further.  He  called  attention  to  the  fact  of  the  Mammoth  having  been  found 
in  Italy. 

Mr.  Charlesworth  regretted  that  the  author  had  not  included  within  his  province 
any  of  the  marine  Crag-deposits,  some  of  which  had  been  regarded  as  Pleistocene. 
In  these  beds  the  fish  had  been  regarded  by  M.  Agassiz  as  tropical^  in  character, 
while  M.  Deshayes  considered  the  molluscan  remains  as  arctic.  A  similar  discre- 
pancy had  been  observed  in  other  deposits  of  the  same  series,  and  he  considered, 
thernbre,  that  it  was  unsafe  to  generalize  from  any  one  series  of  remains,  as,  unless 
the  whole  fiiuna  was  taken  into  consideration,  it  was  probable  that  erroneous  oon- 
dusions  would  be  arrived  at. 

Mr.  Flower  considered  that  the  ossiferous  caves  and  the  river-deposits  were  se- 
parable and  oueht  to  be  separated. 

Mr.  Evans  ooserved  that  in  generalisations  of  this  kind  not  only  the  whole  of  the 
pdUdontological  evidence  should  be  taken  into  account,  but  the  stratigraphical  also. 
With  re^prd  to  the  author's  middle  division  of  the  mammalia,  he  thought  that  even- 
tually this  would  have  to  be  modified.    If  it  were  to  be  muintossicdL^^^st^'^^vQ^'V^^  ^ 
great  ioAealtjin  accounting  for  the  presence  of  the  higldL\M^  a\^\iM^cW«(^  vdiI^Sa^- 
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Imry,  u  then,  thoorii  m  a  valley  vm&mtHj  nmnM  bj  tiw  imr,  and  npiM  ■ 


pnaBnfc 
portfladiL 

w.  Boyd  Dawkinip  in  npl7»  itetod  Uiat  in  fonuac  Mi  eoBflliHBflii%  be  )mi  ■! 
laft  oat  of  ▼iew  the  tndMiee  ttfordfld  br  tha  diaet  of  xaaiaiBf  othar  thaa  dMn  d 
Buanmalja^  bat  they  thiaw  no  Kght  on  flia  dawflcation  Wifb  regard  to  Iba  aiili 
of  his  diviiioDi  of  the  Pleietoowie  mamaialia,  ha  xdiad  to  i^  Jliaat  astiBft  aa  fti 
preienee  of  JEtkinoetroi  mtgmrkimm^  and  of  a  large  number  of  Stage,  to  , 
of  the  abeenee  of  Reindeer.  He  £d  not  attadi  eo  maeh  importanea  to  tha'qi 
of  the  lercl,  m  eaeh  dewgepaneiee  u  thoee  pointed  oat  appeeiad  to  biat  bj  no 
impoenble.    He  gaTo  hie  reaeone  fm  not  nijarting  the  Mammoth  ae  aa  aiaMarij. 


aretio  animaL  HSi  ramarin  with  regard  to  Il»  LaftetTe  damifieatioii  laftnad 
to  the  expanded  Tiewe  of  hie  followan  then  to  thoee  of  IL  Lertat  biiMelf  Hi 
aeknowledged  hie  obUoatione  to  Pkofb.  Gandry,  Ffaai,  ROtimeyer,  and  KibaM  fc 
▼irione  flub  of  which  he  had  made  nee. 

H— Jime  19»  1872.— Pro£  Bamaav,  y.P.O.EU  in  the  Ohair.— Hw 
fidlowing  oommonioations  were  read:— 1.  ''On  TrochoepUkmM  os- 
ifiimu,  a  New  Speoiea  of  Madrepoiaria  from  the  Bed  Orac."  By  P. 
Martin  Danoan,  ILB.,  F.B.S.,  y.P.O.S.»  Profeaaor  of  Geolpgr  in 
King^a  OoU^gei  Tjondcm. 

l£e  author  deooribed  a  Goral  of  which  a  nng^  roeoimen  had  ben 
foond  in  the  Bed  Cnig»  in  tibe  groonda  of  Great  jBealinga  Beotoij> 
Norfolk.  He  stated  that  it  belonged  to  the  genus  TroekacffaOm^ 
and  was  distinguished  from  the  other  species  of  that  genus  by  its 
dense  epitheca,  its  small  and  prominent  columella,  and  its  inverted 
calicular  margin.  He  proposed  to  name  it  Troehocifa(huM  angUeiu, 
and  stated  that  its  nearest  alliance  is  with  the  Australian  Upper 
Tertiary  form  described  by  him  under  the  name  of  T.  meridumaiU. 

DiBcussioK. — Mr.  Prestwich  inquired  whether  the  foml  bore  any  reeemblanee^  to 
any  of  the  French  Eocene  forms,  and  whether  there  was  any  pueaibility  of  its  beiag 
deriratiTe. 

Prof.  Duncan  replied  that  the  specimen  was  bat  little  worn,  and  was  tharafiHe 
probably  not  remanidf  though  thii  point  was  not  aheolutely  certain. 


2.   "  On  the  Discovery  of  Palsdolithic  Implements  in 
with  ElephoB  primigeniua  in  the  High-terrace  Gravels  at  Acton  and 
Ealing."    By  CoL  A.  Lane  Fox,  F.Q.S. 

The  gravels  in  the  neighbourhood  of  Acton  have  been  divided  by 
Mr.  Prestwich  into  two  principal  groups,  viz.  the  high-level  gravels 
on  the  hills  above  the  valley,  and  the  valley-gravels  on  the  sides  and 
bottom  of  the  valley  itself.  The  valley-gravels  have  been  again 
divided  by  Mr.  Whitaker  into  three  terraces^  viz.  a  high  terrace^ 
between  50  and  100  feet  above  the  Ordnance  datum,  a  mid  tenaoe^ 
between  20  and  40  feet  high,  and  a  low  terrace,  at  an  average 
height  of  10  feet,  occupying  the  low  ground  in  the  bends  of  the  liver. 
On  both  sides  of  the  river  the  high  terrace  is  separated  from  Ae 
mid  terrace  by  a  strip  of  the  London  Clay,  which  is  laid  bare  at  an 
average  level  of  50  feet  The  London  Clay  is  also  laid  bare  on  the  sides 
of  the  tributary  streams  running  into  the  valley  on  both  sides  of  the 
river,  thus  dividing  the  high-terrace  gravel  into  patches.  The  mid 
terrace  is  continnouBy  and  foUowa  Vh&  vaiwMBSasya  ^  \ha  valley  on 
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Ixyfii  sides  up  to  the  strip  of  London  Clay.  The  author  aooounts  for 
this  distribution  of  the  gravels  by  supposing  that  a  large  body  of 
^water  must  at  one  time  have  stood  at  the  5P-feet  level,  and  the 
denudation  of  the  high  terraoe  have  been  caused  by  the  waves  beat- 
ing on  the  sides  of  the  valley,  and  by  drainage  into  this  body  of 
^water.  '  The  mid  terrace  he  conceives  may  have  been  caused  ia  part 
by  accumulations  beneath  this  body  of  water. 

The  position  of  the  high-terrace  gravel  at  Acton  corresponded'  so 
olosely  to  that  of  the  implement-bearing  gravels  of  the  Somme  and 
the  Ouse,  that  the  author  was  led  to  examine  carefully  the  ezcava- 
tioDS  made  in  it  for  the  construction  of  houses.     He  discovered  a 
number  of  implements  of  the  drift-type,  together  with  flakes  and 
oores,  and  a  few  roughly  formed  scrapers ;  all  these  were  found  in 
olose  contact  with  the  London  Clay,  and  beneath  the  gravel.    Frag- 
ments of  fern  {Osmvnda  regalis)  and  of  wood  {PinuB  sylvestris)  were 
also  found  with  the  implements  at  the  same  leveL    Two  implements 
were  found  at  Ealing  Dean,  2  miles  westward,  on  nearly  tiie  same 
level  as  those  of  Acton,  viz.  90  feet,-  and  these  also  came  from  the 
bottom  of  the  graveL    Another  implement  was  found  south  of  the 
river  at  Battersea  Bise,  in  the  same  position  above  the  strip  of 
London  Clay  as  at  Acton,  and  about  60  feet  above  the  Ordnance 
datum.    The  implements  are  of  the  pointed  and  oval  types.     The 
only  animal  remains  discovered  in  the  high  terrace  consisted  of  a 
ioom  of  Elephas  primigenius  in  the  Acton  gravel.     The  position  of 
this  the  author  believes  to  be  reliable,  although  he  did  not  discover 
it  himself  in  sttu. 

In  the  mid-terrace  gravel  a  number  of  pits  were  examined  be- 
tween Shepherd's  Bush  and  Hammersmith,  and  in  the  neighbour- 
hood of  Tumham  Green,  which  resulted  in  the  diecoveiy,  at  the 
latter  place,  of  a  large  quantity  of  animal  remains  (noticed  by  Mr. 
Busk  in  the  following  paper),  all  of  which,  like  the  implements  of 
the  high  terrace,  were  at  the  bottom  of  the  gravel ; '  but  no  evidence 
of  human  workmanship  was  found  in  the  mid  terrace. 

All  these  were  found  together,  in  the  same  seam  of  gravel,  12 
feet  beneath  the  surface,  and  all  i^peared  to  have  been  deposited  at 
the  same  time.  The  surface  was  here  25  feet  above  the  Ordnance 
datum,  and  consequently  about  50  feet  lower  than  the  implements 
of  the  high  terraoe,  1^  mile  to  the  north.  The  section  across  the 
valley,  taken  through  the  two  places,  here  shows  the  strip  of  the 
London  Clay  intervening  between  the  two  terraces. 

The  chief  points  of  interest  which  the  author  submitted  to  the 
judgment  of  geologists,  (Consisted  in  the  presence  of  drift  implements 
in  the  high  terrace,  their  presence  in  the  mid  terrace,  and  reappear- 
ance in  the  existing  bed  of  the  Thames ;  the  great  rarity  or  absence 
of  animal  remains  in  the  high  terrace,  and  their  abundance  in  the 
mid  terrace,  and  the  occurrence  of  both  implements  and  animal  re- 
mains at  the  bottom  of  the  gravel  in  both  terraces.  The  writer 
concluded  by  adducing  proofs  of  the  great  antiquity  of  the  present 
river-bed,  which  it  was  shown  must  have  run  in  \ta  y^^*^^  \fiL<^»a\r 
dering  course  in  the  bottom  of  the  valley  fox  atleaal  ^^^^  ^Qdx%« 


8.  ^Oii{heAjifaiialJB6iiunnifirandb70(d.l4aMl^ 
and  Low-krvel  Gmvds  at  Aokm  and  ToxnbanL  Onen."    By.Qaimi 
Bnak.  Esq.,  FJL8.,  F.0.&    The  anihor  daaoribad  Htm  maiiwalhi 
bomea  la&rred  to  in  flia  piaoacliiig  pMior. 

The  lemains  bam.  the  Hk^-braf  Gmfala  aft  Aoton  bafadr  to  Iha 
flsnera  Am,  OMf»,B|in»,  aiidlB9kat(?).  ThagraatorpaTtlMlomfti 
tiie  fint-nuned  genosy  and  aie  prolamy  modanit  aa  ava  alao  tfcoaa  o( 
(hU,  The  lemaina  of  Eqwm  maj  be  of  gieaiber  aniiqniitj.  Tha 
other  bonea  found  may  belonflr  either  to  Elephant  Bhmooeraab  <* 
Hippopotamoa ;  fhej  indade  alarge  portion  of  an  TBmiliM<*a 
and  axe  much  xoUed. 

The  lemaina  from  the  mid*'Iefel  gravel  at  Toniham  QiSean 
jally  pieaent  the  oharaoters  of  great  antiqai^.  Tktej  itielnda 
of  filmoearef  hmmimikm^  Eqwiu  coba^Zai^  mffofokmim  wiyar  (oaa 
of  them  the  left  fiontal  of  a  Tery  young  annual  ilmoat  mawamV 
Bob  (ptobably  B.  primigmdm§,  and.  aOme  peifatoa  Ami  mrUtm), 
Oenma  (C.  CSocfoaciim,  FdinxmmC.  Brawmi,  Da(wL»  0.  dt^km^  m' 
€.  toroMffif),  Urwm  fmrms  frimsimj  and  JBgrfboa  ffimi^mim* 

Dttomtooir.— -Ifr.  Piwlivloh  oompKaiMiltd  tta  aanor  oa  As  an 
pMenoa  of  lot  deMriptkm  of  the  dinieil  dktriot  wliuh  he  had 


wbieh  maimnetiMi  bonee  bed  ben  fcond  aid  deieribed  \ff  Mr.  UaaMr  ao  mAu 
1816.  In  that  eeie  Hippopoteiinn  remaiaii  Terj  fimh  uid  vnwon,  bai  afaa  Ma 
diaoomod.  Flrof:  llocrie  biid  aln  deMoibed  a  dflpdrit  near  Brtatfbia  ia  vIM 
irameroiis  remiine  of  Reindeer  were  preMnt,  ihowiii^  bov  veilaUe  wai  flia  dM* 
bation  of  mammalian  remaiiia  even  in  a  limited  area,  and  boir  meaib  it  wm  to  ^ 
tbeories  upon  merely  negatiTe  evidence.  It  waa  to  be  boped  tbat  otber  iiiTe 
would  extend  similar  diwoYeriei  to  otber  parts  of  the  Talley  of  tbe  Thamea. 

Mr.  Godwin- Austen  did  not  think  that  the  presence  of  the  youngJiippopoliHa 
was  absolutely  condusiTe  of  its  having  been  bom  in  this  ooontry.  with  repod  t» 
the  presence  of  remains  of  Reindeer  and  Hippopotamus  m  the  same  beds,  aot  eilf 
might  there  have  been  an  overlapping  of  fauna  sncfa  as  has  been  pointed  out  br  8ff 
Otuurles  Lyell,  but  there  also  in^nt  be  an  intermingling  of  the  induded  .nmaina  ften 
two  beds  of  different  ages.  He  was  not  altogether  satisfied  with  the  eridenoe  aa  ts 
the  co^ezistenoe  of  man  with  SitpKoB  primifmnuM^  nor  aa  to  tile  srtiftaal  diaiaete 
of  some  of  the  presumed  imi^enaeiitSk  He  did  not  attadi  any  great  ia^oitBaee  Is 
the  merely  firagmentary  bones. 

Mr.  Evans  maintained  that  the  implements  exhibited  were  of  neoeaaity  artifidal 
and  commented  on  the  nature  of  the  evidence  as  t»  the  oo-existenoe  of  mts  with  ^ 
Pleistocene  fauna.  Under  any  drcnmatanoes  the  gravels  oontatnittff  tbe  imnlaisBW 
could  only  have  been  deposited  at  a  time  when  the  Thames  valley  had  not  oeea  «■• 
cavated  to  anything  like  its  present  depth ;  and  they  were  therefore  of  great  antiqaifr. 
There  was,  moreover,  a  notaUe  absence  in  them  of  a  number  of  tbe  amm«la  unaUy 
found  associated  with  Neolitiuc  implementa;  and  if  man  had  not  sabaiated  oa  ths 
animals  the  remains  of  which  were  found  associated  with  his  bandiwerka  in  the  giafeii, 
it  was  a  question  on  what  food  he  bad  bad  to  depend.  The  dteeneeof  iMpkaaaia  in 
the  low-level  gravels  seemed  to  him  sisnificant  of  a  dimuraftion  in  the  anmbsr  of  tbe 
human  beings  who  fireouented  the  banks  of  tbe  river. 

Mr.  Carruthers  said  that  as  the  rhicome^  whether  it  waa  tbat  of  A»pidimm  at 
Otmunda^  was  an  atrial,  and  not  a  subterraneous  rhiaomei  it  imiat  have  bM 


to  its  present  position ;  and  it  consequently  indicatedi  as  Odond  Laaa  Fox  bad 
pointed  out,  the  direction  of  the  stream. 

Mr.  Flower  regarded  Ool.  Lane  Fox*s  memoir  as  of  mat  interest  aa  affording  aa 
additional  instance  of  that  perfect 'similarity  oi  these  depositB,  wbetlier  in  France  or 
England,  which  in  places  so  wide  apart  might  naaonably  be  taken  to  Jndiiate  a 
common  origin.  It  was  indeed  generally  assumed  that  tbaae  depodts  ware  bnagbt 
down  bv  rivers ;  but  this,  aocordu^  to  his  view, was  br  no  meansosrtain.  OoL  Lne 
JPox  ha'd  described  the  vaUey  aa  4^  imLea  w\d&\  Vat  ^en  waa  at  Croydon,  12  niki 
diBtant,  adepodtof  gravel oaigi^wVl^VMniwaftan^^^^  «s- 
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aetlT  resembling  fhe  Thames  Talley-graTels,  and  eommnnioating  with  them.  This 
emently  formea  part  of  the  Thames  valleT'^systen,  whateTer  that  system  might  be 
taken  to  be ;  and  if  so,  he  thought  it  increoible  that  the  loess  should  hare  been  dis- 
tributed by  riTer-aetion  OTer  an  area  12  or  15  miles  in  width.  In  conclnsion,  he 
was  quite  content  to  adhere  to  the  opinion  held  by  the  French  ^legists,  and  formerly 
by  sereral  of  onr  own  most  able  writera,  that  the  distribution  ot  these  superficial 
drilli  was  in  the  first  instance  diluvial  rather  than  fluyiaL 

CoL  A.  Lane  Fox,  in  reply,  pointed  out  the  artificial  character  of  the  implements, 
and  the  manner  in  which  the  mammalian  remains  occurred.  He  thought  that  the 
lower  terraces  of  grsTel  might  hare  been  formed  at  the  bottom  of  a  lake. 

Mr.  Busk,  in  proof  of  the  animal  remains  not  having  been  brought  from  a  distance, 
•bowed  that  remains  of  the  same  animal  were  found  in  close  proximity  to  each  other. 

Prot  Ramsay  made  some  remarks  on  the  undoubtedly  artificial  cnaracter  of  the 
ImplementB,  and  on  their  position  at  the  base  of  the  grayels.  The  origin  of  the 
Thames  TaUey  he  had  already  maintained  to  be  of  the  Postmiocene  age ;  and  though 
there  was  at  present  no  evidcnioe  of  man's  existence  at  that  time,  it  was  still  possible. 
Of  tiie  extreme  antiquity  of  the  human  race  there  could,  howeyer,  be  no  douot. 

4.  ''  On  the  Evidenoe  for  the  loe-sheet  in  Korth  Lanoashire  and 
adjoining  parts  of  Yorkshire  and  Westmoreland."  By  B.  H.  Tidde- 
man,  Esq.,  M.A.  Qxon,  F.O.S.,  df  the  Geol.  Surv.  of  Engl,  and  Wales. 

The  oonntry  of  which  the  earlier  glacial  phenomena  were  de- 
■cribed  in  this  paper  lies  between  the  Lake-distiict  on  the  north  and 
the  plains  of  South  Lancashire  and  Cheshire  on  the  south,  and  extends 
from  the  great  watershed  of  England  to  the  Irish  Sea. 

On  the  west  is  a  sea-side  plain  rising  to  levels  of  less  than  200 
feet.  On  the  north-east  is  a  portion  of  the  Pennine  Chain,  com- 
prising Ingleborough,  Pennigent,  and  other  Fells,  rising  to  heights 
of  from  2000  to  2400  feet.  Between  these,  from  south  to  north, 
we  pass  over  (1)  a  range  of  moorlands  from  1000  to  1500  feet  high, 
called  the  Bossendale  Anticlinal,  which  forms  the  watershed  be- 
tween the  basins  of  the  Mersey  and  the  Bibble ;  2,  the  valley  of  the 
Burnley  and  Blackburn  Coal-field,  which  drains  north  through 
gorges  in  (3)  the  Pendle  chain  of  hills  into  (4)  the  broad  valley  of 
the  Bibble ;  5,  a  group  of  Fells  rising  to  a  general  level  of  1800  ft, 
between  the  valleys  of  the  Bibble  and  the  Lune,  called  for  the  pur- 
poses of  this  p€^er,  ''The  Central  Fells;"  6,  north  of  this  the 
valley  of  the  Lune  and  the  estuary  of  the  Kent.  The  main  direc- 
tion of  all  these  features,  between  the  sea-side  plain  and  the  Pennine 
Chain,  is  from  north-east  to  south-west. 

The  paper  was  illustrated  by  a  map  of  the  district  on  the  scale  of 
1  inch  to  a  mile,  coloured  to  represent  elevations,  the  level  contours 
having  been  reduced  from  the  6-inch  scale.  Upon  this  all  the  ice- 
scratches  found  on  the  solid  rocks  were  inserted.  A  diagram  illus- 
trating the  proportional  number  of  scratches  in  different  directions 
showed  that  20  per  cent  of  them  were  due  south,  although  the 
general  direction  of  the  valleys  was  to  the  south-west. 

An  instance  was  mentioned  of  a  ridge  of  1400  feet  in  height, 
which  had  scratches  at  the  top  running  directly  across  it  to  the 
south,  although  no  land  of  equal  height  occurred  north  of  it  within 
a  distance  of  seven  miles.  A  similar  instance  was  shown  to  exist  on 
the  ridge  north-east  of  Pendle  BQll.  A  roche  moutonnie  in  the  gorge 
of  the  Calder  at  Whalley  was  shown  to  have  been  formed  b^  vii^ 
working  from  the  norths  although  the  rivei  dxojxxE  ixoixi  ^<^  ^nroi^ 
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Other  systems  of  scratches  were  mentioned  in  detail.  AH  theie 
tended  to  show  that,  though  the  general  slope  and  drainage  of  the 
district  is  to  the  S.W.,  the  movement  of  the  ice  at  the  period  of  maxi- 
mum cold  was  to  the  S.  or  S.S.E.,  or  nearly  parallel  to  the  watershed. 

The  author  goes  on  to  describe  certain  disturbances  at  the  snr&oe 
of  the  rocks,  which  are  dipping  at  high  angles  to  the  south,  they 
having  been  overturned  by  some  force  coming  from  the  north. 
Such  surface-disturbances  are  not  found  on  rocks  dipping  to  the 
north ;  and  this  fact  may  be  explained  by  an  illustration :  in  one 
case  the  brushing  was  with  the  nap,  in  the  other  against  it.  It  was 
■shown  that  these  phenomena  could  not  be  attributed  to  any  other 
agent  but  a  great  ice-sheet  pushing  on  from  its  northern  gathering 
grounds,  recruited  by  the  greater  elevations  on  its  course,  but  over- 
riding the  lesser,  grinding  down  and  smoothing  by  its  friction  rocks 
presenting  but  a  gentle  incline,  tearing  up  and  taming  over  the 
basset  edges  confronting  its  approach. 

The  author  next  described  the  arrangement  of  the  Till  as  to 
colour  and  material,  and  endeavoured  to  show  that  all  the  facts 
which  he  has  observed  are  in  favour  of  the  existence  of  an  ioe-sheet 
travelling  south  in  this  district. 

Mr.  Cumming*s  observations  in  the  Isle  of  Man  were  considered  to 
confirm '  these  views.  He  describes  the  general  glaciation  of  the 
island  as  being  from  tlie  E.N.E.  or  Lake-country,  and  describes 
many  lar^^e  blocks  of  granite  which  had  been  carried  from  their 
parent  rock  up  the  high  hill  of  South  Barruh  and  down  the  other 
side.  This  was  referred  by  Mr.  Gumming  at  the  time  to  a  great 
"  wave  of  translation  ; "  but  the  facts  are  quite  easily  explained  by 
an  ice-sheet.  Other  observations  of  Mr.  Gumming  upon  the  drifts 
of  the  Isle  of  Man  were  taken  by  the  author  as  confirmatory  of  his 
views.  Mr.  Morton's  observations  on  the  glaciation  of  the  Mersey 
basin  were  touched  upon ;  and  it  was  suggested  that  the  glaciation 
of  that  district  was  produced  by  an  ice-sheet,  not  coming  from  the 
south-east,  as  Mr.  Morton  holds,  but  working  to  the  south-oast  from 
the  Lake-country,  and  across  a  part  of  what  is  now  the  Irish  Sea. 

Professor  Ramsay's  observations  on  the  glaciation  of  Anglesey 

being  to  the  S.S.W.  instead  of  from  the  Snowdon  group,  as  might  be 

expected,  were  considered  by  the  author  to  be  confirmatory  of  his 

views  of  a  great  ice-sheet  having  filled  what  is  now  the  Irish  Sea 

and  emptied  itself  by  St.  George's  Ghannel  on  the  one  hand,  and  by 

the  Cheshire  plain  on  the  other,  as  well  as  by  some  of  the  passes  in 

the  Pennine  Chain. 

Discussion.— Prof.  Ramsay  regretted  that  the  late  hour  of  the  CTening  prevented 
a  proper  discussion  of  this  paper,  which  had  been  prepared  with  great  care,  and  con- 
tained conclusions  of  great  importance  and  novel  ooservations. 

6.  "  On  the  ^Mammalia  of  the  Drift  of  Paris  and  its  Outskirts." 
By  Prof.  Albert  Gaudrv%  F.G.G.S.  (In  a  letter  to  W.  Boyd  Dawkins, 
Esq.,  M.A.,  F.R.S.,  F.G.S.) 

In  this  paper  the  author  briefly  indicated  those  mammals  the 
remains  of  which  have  been  discovered  in  the  Pleistocene  or  Qua- 
ternary deposits  of  Paris  axvOi  \^s  Nidmt^.  His  list  includes  flint 
npJements  as  evidences  oi  lYi^  ^xvsXfeucfe  Q.i  xasxi,  «sA\x^\i^  ^^  the 
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following  species : — Cania  lupus,  Hyana  eroeuta  (apelaa),  Felia  leo 
(spelaa),  Castor  trogontherium  and  fiber,  Elephas  primigenius  and 
anliquus,  Hippopotamus  amphihius.  Rhinoceros  tichorhinus  (a  Bhino- 
ceros  of  doubtful  species),  Bus  scrofa,  Equus  asinus  and  caballus, 
Bos  primigenius,  taurus  f,  and  indicus  f,  Bison  priscus  and  Europaus, 
and  Cervus  tarandus,  Belgrandi,  megaeeros,  Canadevuis  f,  eiaphus,  and 
a  small  species. 

OsoLOGisTs'  Association — June  7,  1872. — ^The  Bev.  T.  Wilt- 
shire, President,  in  the  Chair. — 1.  "  On  the  Classification  of  the 
Garabrian  and  Silurian  Bocks,"  by  Henry  Hicks,  Esq.,  F.G.S. 

The  author,  after  mentioning  the  groups  now  known  to  comprise 
the  Cambrian  and  Silurian  Bocks,  as  exhibited  in  the  British  Isles, 
and  the  usual  mode,  hitherto,  of  dividing  and  sub-dividing  these 
formations,  stated  that  it  was  impossible,  in  a  science  so  progressive 
as  G^logy,  where  new  discoveries  were  continually  being  made,  to 
accept  at  present  any  of  these  arrangements,  which  for  the  most 
part  had  been  made  some  twenty  or  thirty  years  ago,  unless  with 
considerable  modifications.  The  classification  approved  by  the 
author  has  already  been,  to  a  great  extent,  adopted  by  Sir  Charles 
Lyell,  in  his  **  Student's  Manual,"  and  by  the  late  Mr.  Salter  and 
the  author  in  papers  to  the  British  Association,  and  is  based  on  the 
most  recent  palseontological  and  stratigraphical  evidence.  In  a 
table  exhibited  for  the  purpose  of  illustrating  these  facts,  the  classi- 
fication of  Prof.  Sedgwick  and  of  Sir  Boderick  Murchison  were 
placed  side  by  side  along  with  the  one  proposed. 

The  columns  in  the  table  showed  (1)  the  lithological  characters 
of  the  beds  comprising  each  group,  (2)  the  thickness  of  the  strata, 
(3)  the  organic  remains  contained  in  each  group,  (4)  the  number  of 
genera  and  species  which  are  known  to  reach  from  one  group  into 
another,  (5)  the  order  of  the  appearance  of  animal  life  upon  the 
globe,  and  (6)  the  localities  where  the  several  groups  are  best  seen 
in  England. 

By  means  of  the  evidence  set  forth  in  these  columns,  the  author 
was  enabled  to  show  the  most  natural  divisions  and  sub-divisions,  so 
&r  as  recent  researches  are  capable  oi  explaining  them. 

The  following  are  the  chief  divisions,  accepted  as  being  the  most 
satisfactory  at  present :  — ^The  Lower  Cambrian,  to  include  the  Long- 
mynd  (Harlech  grits  and  Llanberis  slates,  and  the  rocks  at  Bray 
Head,  etc.),  and  the  Menevian  groups,  which  were  shown  to  be 
intimately  connected  paladontologically,  and  to  be  entirely  distinct  in 
their  faunas  from  the  overlying  rocks. 

The  Upper  Cambrian,  to  include  the  Lingula  Flags  (Lower,  Middle, 
and  Upper — called  also  Maentwrog,  Ffestiniog,  and  Dolgelly  or 
Malvern)  and  the  Tremadoc  groups.  These  were  also  shown  to  be 
connected  closely  by  some  of  the  genera,  especially  by  Olenus,  Cono- 
eoruphe,  and  Dikelocephdlus. 

Hie  Lower  Silurian,  to  comprise  the  Arenig  (Lower  and  Upper,  the 
former  a  series  only  recently  known  through  the  researches  of  the 
aathor,  and  forming  a  connecting  link  between  t\i^  TTfeis\»Ac>c»  «sA 
the  true  Arenig  rocks),  the  Llandeilo  (Upper  anSLXio^^t,  ^^  iotxckKt 
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being  black  shales  or  alates,  and  the  latter  oalcareoiu),  and  the  Bali 
or  GaradoG  groups. 

The  Upper  Silurian,  to  oonsist  of  the  Llandovery  (Upper  and 
Lower),  the  Wenlock  and  the  Ludlow  groups.  The  whole  of  the 
Llandovery  group  was  placed  in  the  Upper  Silurian,  in  aooordanoe 
with  the  evidenoe  cited  by  Prof.  Hamsay  in  his  memoir  on  North 
Wales,  along  with  the  facts  explained  by  the  table,  and  which  went 
to  prove  that  when  it  was  to  be  separated  entirely  from  the  other 
groups,  as  a  Middle  Silurian  division,  this  was  the  most  natural  and 
proper  position. 

2.  *'  On  the  Silurian  Bocks  of  the  English  Lake-district,"  by  Prof: 
Alleyne  Nicholson,  M.D.,  D.Sc.,  M.A. 

Li  this  paper  the  author  classified  the  Silurian  rocks  of  the  English 
Lake-district  as  follows,  commencing  with  the  lowest : 

1.  The  Skiddaw  Slates. 

2.  The  Borrowdale  Series,  or  Oreen  Slates  and  Porphyries. 

3.  The  Coniston  Limestone  and  Associated  Shales. 

4.  The  Graptolitic  Mudstones. 
6,  The  Coniston  Flags. 

6.  The  Coniston  Grits. 

7.  The  Kendal  Bocks. 

Each  of  these  members  of  the  series  was  described  lithologioally 
and  paladontologically,  and  its  geological  position  discussed,  not  only 
with  reference  to  the  other  beds  of  the  district,  but  also  to  the 
Silurians  of  Wales  and  North  America. 


Mode  of  Extb acting  Fossils  from  Limestone. — Most  geologists 
in  the  course  of  their  studies  have  met  with  hard  compact  limestones, 
which  show,  when  broken,  the  profiles  of  fossils,  but  are  too  hard  or 
too  homogeneous  to  admit  of  their  obtaining  any  fossil  out  of  them, 
80  that  sometimes  it  is  impossible  to  ascertain  their  age.  The 
following  method  may  bo  of  some  use  for  obtaining  fossils  out  of 
such  limestones  : — Bum  the  limestone.  Prepare  a  saturated  solution 
of  borax  (borate  of  soda)  in  hot  water;  let  it  cool  somewhat  (from 
50  to  70  degrees  Celsius),  and  put  the  cooled  limestone  into  it, 
taking  care  that  it  continues  to  cool.  I'here  is  then  formed  hydrate 
of  soda  (caustic  soda)  and  borate  of  lime,  which  is  not  liable  to 
alteration  by  the  influence  of  air  and  water.  One  or  two  days,  ac- 
cording to  tlio  size  of  tlie  piece  of  limestone,  will  be  sufficient  for  the 
chemical  transformation.  Take  care  that  the  solution  is  not  too  hot 
and  completely  saturated,  otherwise  the  caustic  lime  may  be  destroyed, 
as  by  the  action  of  pure  water,  llie  limestone  becomes  softer,  looks  as 
if  it  were  weatliered,  and  allows  the  fossils  to  be  cut  out  easily.  The 
results  are  not  so  good  if  the  limestone  is  more  or  less  cry^stalline 
or  contains  calc-spar,  because  it  breaks  up  by  the  heat,  and  for  this 
reason  the  limestone  may  be  also  destroyed. 

Mabburq,  Gbkmaky.  a.  von  Kogxex. 
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I. — On  ▲  New  Abaohnide  from  the  Coal-measures  of 

Lanoashire. 

By  HsNBT  Woodward,  F.G.8.,  F.Z.8., 
Of  the  Bridflb  Museum. 

(PLATE  IX.) 

IT  is  now  twelve  months  since  I  had  the  pleasure  to  record,  in  the 
pages  of  this  Journal,  the  discovery  of  Eophrynus  Presivicii,  a 
new  genus  of  Arachnides  from  the  Coal-measures  of  Dudley.  (See 
Qkol.  Mag.,  1871,  VoL  VIIL,  p.  885,  PI.  XL)  This  remarkably 
perfect  specimen  is  perhaps  unequalled  in  the  condition  of  its  pre- 
eervation  by  any  Palseozoic  fossil  known.  Although  the  fossil 
Arachnide,  which  forms  the  subject  of  this  notice,  cannot  claim  such 
distinction  as  Eophrynus^  yet  it  is  well  deserving  of  being  placed 
on  record  in  the  pages  of  this  Magazine,  as  a  new  genus  of  air- 
liTeathers  from  the  English  Coal-measures. 

A  short  time  since  I  received,  through  the  kindness  of  Mr.  Thomas 
Birtwell,  of  Gawthorpe  Gardens,  Padiham,  Lancashire,  a  series  of 
"very  interesting  Crustacean  remains  from  the  Ironstone  of  the  Coal- 
measures  of  that  county. 

My  attention  was  especially  directed  to  two  specimens  marked  by 
Mr.  Birtwell  as  "  parts  of  the  body  of  a  beetle,"  which  I  perceived 
upon  examination  to  be  the  remains  of  an  Arachnide. 

The  most  perfect  specimen  (which  measures  16  millimetres  in 
len^h,  and  7  mill,  in  greatest  breadth)  exposes  the  entire  siu-face 
of  the  body,  save  that  the  anterior  cephalic  portion  adheres  to  the 
intaglio  half  of  the  mould,  whilst  the  relievo  exhibits  the  bases  of 
four  pairs  of  limbs,  and  a  pair  of  palpi,  less  distinctly  seen, 
arranged  in  a  semicircle,  with  their  wedge-shaped  basal  joints 
clirected  towards  the  centre. 

Next  follow  four  extremely  narrow,  nearly  straight,  (thoracic) 
Befi^ents,  with  slightly  rounded  borders ;  succeeded  by  three  large 
(abdominal)  segments,  these  last  forming  together  nearly  half  the 
entire  length  of  the  body,  and  having  a  well-defined  double  margin 
•with  two  slightly  raised  and  nearly  parallel  lines,  which  traverse 
"(hem  in  a  longitudinal  direction,  and  divide  the  inner  part  of  each 
segment  into  three  parts.  The  three  segments  contract  Ta\>vlV^  \\l 
iDieadth  backwards^  so  that  the  third  and  moftt  ^^o^Vexvox  %^^(\\ss^\>^ 
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which  is  rounded  near  its  extremity,  is  only  half  the  breadth  of  the 
incst  anterior  one.  On  reaching  the  last  segment,  the  two  nearij 
parallel  longitudinal  lines  turn  slightly  outwards,  and  terminate  on 
its  lateral  border.  The  last  segment  bears  the  efferent  aperture  ob 
its  under  surfaces.  No  ornamentation  is  visible  on  any  part  of  the 
specimen. 

I  was  at  first  inclined  to  believe  this  singular  Palseozoic  fossQ  to 
be  quite  new  and  undescribed ;  but  on  turning  to  Mr.  S.  H.  Scudder^i 
<*  Supplement  to  the  Description  of  Articulates,  being  a  Description  of 
Fossil  Insects  found  on  Mazon  Creek,  and  near  Morris,  Gnmdy  Co, 
Illinois,"  contained  in  Mr.  A.  H.  Worthen's  Beport  on  the  GeologiosI 
Survey  of  Illinois,  vol.  iii.  (Geology  and  PalaK»ntology),  1868, 1 
found,  on  p.  568,  an  obscure  figure  of  an  Arachnide,  from  the  Goal  of 
Illinois  (reproduced  on  our  Plate  IX.),  which  I  believe  to  be  generi- 
cally  identical  with  the  Lancashire  specimen  above  described. 

I  subjoin  Mr.  Scudder's  remarks  thereon : — **  The  last  of  the 
nodule-specimens  (see  PL  IX.,  Fig.  2)  is  perhaps  the  most  interest- 
ing. I  believe  the  remains  to  be  those  of  an  Arachnido.  This  is  the 
first  discovery  of  a  fossil  spider  in  America,  and,  as  far  as  I  know, 
only  the  fourdi  instance  of  the  ocourrenoe  of  Araeknida  in  Carbon- 
iferous strata.  In  1835  and  1839,  Corda  first  figured  two  species*- 
one  a  true  Scorpion,  the  other  a  gigantic  Pseudo-scorpion.  Becently, 
Eoemer  has  described  a  true  Spider,  under  the  name  of  Protol^coio, 
Thus,  the  three  known  Carboniferous  Arachnidtt  represent  three 
distinct  families  of  Octopods.  The  one  figured  here  {Architarhiu 
rotundatus)  seems  to  belong  to  a  fourth  family,  being  allied  to  the 
Phalangida  and  to  the  Phrynida.  In  its  fragmentary  state,  one  can 
scarcely  judge  with  certainty  of  its  exact  relationship.  The  arrange- 
ment of  the  legs  accords  etjually  well  with  both  families.  The  bn^ 
attaclimcnt  of  the  thorax  to  the  abdomen  is  a  phalangidan  character- 
istic, while  the  size  and  shape  of  the  abdomen,  the  number  of  the 
abdominal  segments,  and  the  crowded  state  of  the  central  porticHU 
of  the  basal  ones,  indicate  closer  affinities  to  the  Phrynida, 

"  The  under  surfaces  of  the  thorax  and  abdomen  are  exposed  to 
view,  together  with  a  fragment  of  one  of  the  legs.  The  thorax  is 
nearly  circular ;  the  arrangement  of  the  coxae  uniformly  radiate;  thfl 
two  joints  of  one  leg  are  of  e(][ual  length,  and  broader  at  the  apex 
than  at  the  base. 

''The  abdomen  is  nearly  as  broad  at  the  base  as  the  thorax;  it 
broadens  close  to  the  base,  and  beyond  is  ovate.  The  first  abdonjinil 
segment  is  scarcely  i>erceptible  at  the  sides;  very  large  in  the 
middle,  crowding  downwards  the  four  succeeding  segments,  whidi 
are  short  and  bowed.  The  tenninal  three  segments  are  long  and 
straight,  the  last  having  just  at  the  tip,  but  on  the  under  surfaoe^ 
the  circular  anal  opening.  .  Laterally  all  the  segments  are  depressed, 
and  thus  a  broad  flat  border  is  formed  on  either  side.  Length  of 
specimen,  18^  mill.;  length  of  thorax,  8^  mill.;  breadth  of  tbt 
thorax,  9  mill. ;  greatest  breadth  of  abdomen,  9  mill. ;  length  of 
the  longest  abdominal  segment,  1^  mill.;  length  of  one  leg-joint, 
3^  mill. ;  breadth  of  the  ^aX.\An!^  max^  ^1  «]bdomen,  |  milL*' 
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From  the  foregoing  description,  and  also  by  a  eomparison  of  the 
6guTes  (1  and  2  on  PI.  IX.),  it  will  be  seen  howdosely  the  American 
md  English  forms  of  this  small  Araehnide  agree  widi  one  another, 
rhere  is  sufficient  distinetion,  howeTer,  to  prevent  their  being 
placed  under  the  same  specific  appellation.  I  have  therefore  named 
lir.  Birtwell's  Arehitatrhu^  suhoccdis. 

It  is  interesting  to  obserre  how  many  ef  these  old  forms  of  life 
&om  the  Carboniferous  series  of  North  America  occur  also  with  us, 
under  similar  conditions  of  fossilii^itien,  in  the  Olay-inmetone  nodules 
oi  our  English  Goal-measures. 

We  already  possessed,  in  common  with  North  America,  a  small 
King-crab  (BeUtwurua),  occurring  in  Clay-ironstone  nodules;  three 
liyriapods,  namely,  Xylobius  sigillaruef  Euphoberia  ferox,  and  K 
Brawnii ;  now  we  may  add  an  Araehnide  almost  identical  with  that 
from  Illinois. 

EXPLANATION  OP  PLATE  IX. 

fiQ.  1.    Arehitmrhua  iubovalis,  H.  Woodw.  In  a  Clay-irongtone  nodule  from  about 
4  feet  aboTe  the  '*  four-feet  nune,"  or  **  bone-coal,"  Coal-M.,  Lanoashira. 
la.    A,  subovaliSj  natural  size. 
lb,  „  magnified  four  times. 

Pio.  2.    Arehitarbut  rotundatus,  Seudder.    Coal-M.,  Grundy  Co^,  lUinoig,  U.S. 
Pio.  8.    Fhrynut  rmifarmis,  OUt.,  (recent),  Tentral  aspect  of  body. 
Pio.  4.    Fhalangium  eomutum,  Lin.,  (recent),  ventral  aspect  of  body  $  .    Placed  for 
oompariaon  with  Arckitarbut, 
[For  a  complete  list  of  the  FosbU  Insecta,   Myriapoda,  and  Arachnida,  lee  my 
irticle  on  Eophrynut  Ji-estvicii,  GiOL.  Mao.,  1871,  Vol.  YIII.,  p.  386,  PL  XI.] 


U. — ^Notice  of  the  Ocoukrenoe  of  CuPRBssociaNXTS  in  ▲  Quabrt 
OF  Deyomian  Limestone  neab  Eingsteignton. 

By  John  Edwabd  Leb,  F.6.S.,  F.S.A. 

THE  genus  Cupressoervans  is  very  characteristio  of  the  Deyonian 
formation  in  Germany.  In  some  parts  of  the  Eifel  it  may  be 
»lled  common ;  and  yet  in  England,  though  equally  characteristio 
)f  the  same  formation,  and  though  it  has  been  found  in  soYcral 
3]aoes,  yet  it  is  considered  so  rare  that  it  is  hardly  mentioned  by 
nany  of  the  writers  on  the  Devonian  fossils.  In  Morris's  Catalogue 
ihe  localities  given  are  Plymouth  and  (somewhat  strangely}  Col- 
tunpton,  where  there  is  no  Devonian  limestone.  For  these  reasons 
t  may  be  worth*  recording  that  there  is  one  small  and  somewhat 
nsignificant  quarry  between  Newton  and  Teignmouth,  where  fossils 
»f  this  genus  occur  in  abundance,  though  unfortunately  generally 
n  the  state  of  casts. 

The  quarry  is  about  a  hundred  yards  north  of  the  road  which 
sonnects  these  two  towns,  near  a  farm  called  the  Lovrer  Wear.  This 
arm  is  between  Eingsteignton  and  Bisbopsteignton. 

A  bed  of  trap  here  cuts  off  a  small  portion  of  what  is  usually 
xmsidered  as  Middle  Devonian  limestone,  and  has  so  altered  it  near 
ihe  junction,  that  the  stone  has  become  a  reddish-coloured  oinder. 
rhe  crinoidal  remains,  consisting  chiefly  but  not  entirely  of  Cu]^Te%«o- 
^mwy  are  here  very  abundant,  though  in  i\iQ  eA^Okic^^TiNi  \)2aii^^tfi^ 
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limestone,  in  which  they  are  probably  equally  abundant,  thej  m 
muoh  more  diEScult  to  be  diatingiiiriied. 

The  sterna  and  joints  of  this  genus  are  so  very  well  marked  tbit 
almost  the  smallest  fragment  cannot  be  mistaken.  Both  the  largcf 
and  smaller  stems  are  Bubquadrangular,  with  a  larger  oestnl  par- 
foratioQ  surrounded  by /our  smaller  onea.  In  the  apecimena  fbmii 
in  this  quarry  moat  of  tbem  are  in  the  shape  of  casts ;  the  fowl 
itself  having  entirely  disappeared,  and  the  perforations,  and  in  taaa 
oasea  the  divisions  of  the  joints,  having  been  anbaeqaently  fillad 
up,  the  effect  is  frequently  like  that  of  a  Norman  pillar  wi^  oiull 
pillara  clustered  round  it,  the  thin  platea  representing  the  divinn 
of  the  joints,  looking  like  the  layen  of  mortar  between  tlie  bedi  tf 
tooled  atone  in  the  Norman  pillar.     (See  Woodcut,  Figs.  Sa  and  Sh), 

In  some  rare  cases  there  are  five  pillars  clufrtered  ronnd  thelaiga 
one  instead  of  four,  though  the  stem  is  still  of  rather  a  aqnare  fona. 
These  specimens  are  considered  by  Quenstedt  to  belong  to  a  distinct 
Bpodea,  which  he  calls  Cup.  pentamerua  (Handbucb  der  FetieftkteD- 
kunde,  page  747,  plate  71,  figs.  14  and  15) ;  probably,  however,  it 
may  be  only  a  varie^. 

Besides  these  stems  and  joints,  three  or  four  fosaila  were  found 
associated  with  them  in  the  same  quarry,  which  at  first  aight  seemed 
to  be  of  very  different  cbaraoter,  but  which  may  probably  be  pottiou 
of  the  heads  of  Cupreuocrinus.  They  are  figured  upon  the  accon- 
panying  Woodcut     (See  Figs,  1  and  2.) 


Thfse  fossils  are  not  remarkable  eillier  for  size  or  beauty  ;  but, « 
they  are  decidedly  very  cliaraeteristic  of  the  Devonian  formation,  unl 
have  hitherto  lioen  considered  rare  in  England,  it  may  be  desirable 
to  record  their  occurrence.  In  a  small  specimen  of  the  rock  i** 
three  incbos  long  there  ate  &^«  ■weW.-^Mked  examples  very  dtf- 
Uaoily  shown. 
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m. — Ok  Book-Stainimo. 

By  J.  CuPTON  Ward,  F.6.S.,  Associate  of  the  Royal  School  of  Mines ; 
Of  the  Geologieal  Surrey  of  England  and  Wales. 

IN  a  paper  on  "  The  Permian  Beds  of  Yorkshire,"  Mr.  Lucas  * 
maintains :  1st,  that  the  present  western  edge  of  the  Magnesian 
Iiimestone,  at  all  events  to  the  north  of  Ripon,  marks  the  old  shore- 
line ;  2nd,  that  the  iron  and  other  salts  found  in  Permian  deposits 
WBTe  derived  from  the  neighbouring  grit  and  limestone  land ;  3rd, 
Ibat  the  colouring-matter,  as  it  was  brought  down,  stained  the  rocks 
fbrmuig  the  bed  of  the  inland  sea,  and  hence  the  purple  and  red 
ocdour  of  the  grit  and  other  beds  between  Eneo'esborough  and  Leeds. 
A  few  words  may  be  said  upon  each  of  these  points  in  turn. 

1.  The  Ms^esian  Limestone  boundary,  for  some  miles  to  the 
Dorih  and  south  of  Leeds,  certainly  has  not  the  appearance  of  having 
been  the  actual  western  shore-line  of  the  limestone  sea,  since  it 
forms,  in  most  parts,  a  long  low  escarpment  facing  west,  and  there 
are  outliers  at  various  distances,  up  to  two  miles,  from  the  main 
mass.  North  of  Bipon,  however,  Mr.  Lucas  shows  the  facts  to  be 
otherwise;  and  here  it  is  interesting  to  think  that  it  may  be  possible 
to  mark  out  approximately  the  old  coast-line. 

2.  If  the  Millstone-grit  and  Goal-measure  roeks  formed  the 
ne^hbouring  land,  undoubtedly  much  iron  would  be  carried  into  the 
sea  by  the  streams  and  rivers,  supposing  the  strata  then  to  have  been 
in  much  the  same  state  of  consolidation  and  mineralization  as  now. 
They  must  certainly  have  been  exposed  to  much  pressure  and 
alteration,  as  well  as  denudation,  in  the  formation  of  the  Pendle 
anticlinals.* 

3.  Mr.  Lucas  ^  cannot  avoid  the  conclusion  that  the  date  at  which 
the  Plompton  grit  received  its  purple  colour  was  during  the  deposi- 
tion of  the  earliest  red  sediments  below  the  limestone,  and  that  the 
carbonate  of  iron  sank  into  the  Plompton  grit  from  Permian  waters, 
and  not  from  subsequent  infiltration  from  colouriess  limestone." 
Now,  strangely  enough,  in  this  particular  neighbourhood,  where  the 
red  grit  and  shale  beds  are  mostly  found,  there  were  no  red  beds 
deposited  below  the  limestone,  but  it  in  all  cases  rests  directly  upon 
Millstone-grit  or  Coal-measure  strata;^  whereas  north  of  Bipon. 
where  Mr.  Lucas  says  the  red  colour  is  not  generally  found,,  the 
Marl  Slate  does  come  on  beneath  the  limestone. 

The  question  therefore  arises,  is  the  colour  belonging  to  the  rocks 
themselves,  or  has  it  been  produced  through  changes  due  to  percola- 
tion from  the  overlying  limestone  ? 

First,  as  regards  the  shales  of  the  Lower  Coal-measures.     These, 

>  See  Gbol.  Mao.  (August,  1872),  Vol.  IX.,  p.  338. 

^  Mr.  Lucas  speaks,  by  inadyertence,  of  the  east  and  west  anticlinals  as  the 
Pennine,  whereas  the  Pennine  anticlinal,  ranging  north  and  south,  was  post-Permian 
in  its  formation,  and  helped  to  give  the  easteny  tilt  to-  the  Magnesian  Limestone. — 
See  Prof.  Hull's  paper.  Quart.  Joum.  Geol.  Soc.,  vol.  zxir.,  p.  323. 

*  See  my  paper  '*  On  fieds  of  tuppoied  Rothliegende  Age,  near  Knace&bQto^&!^>'* 
etc.    Quart.  Joum.  Geol.  Soc.,  yo\,  ixy.,  p.  291. 
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near  Barwick-in-Elmet,  immediately  beneath  the  limestone,  an 
sandy,  micaceous,  and  purplishi  the  purple  colour  being  quite  un- 
known to  me  among  the  Lower  Coal-measures,  althon^  I  bav« 
mapped  them  almost  continuously  from  Sheffield  to  Leeds.  Further 
south,  sandstones  and  shales  belonging  to  the  Middle  and  Upper 
Oocd-measures  are  in  places  similarly  stained  beneath  the  limestone 
escarpment.  The  Plompton  grit  is  felspathic  and  micaceous ;  gener- 
ally, between  Knaresborough  and  CoUingham,  of  a  purple  tint,  and 
readily  crumbling  through  the  action  of  the  atmosphere.  Where  it 
has  an  east  and  west  strike,  and  passes  away  westwards  from  the 
limestone,  it  loses  the  purple  or  red  colour.  Mr.  Lucas  has  ststed 
(p.  342)  that  ''  only  one  and  the  same  bed  is  fotmd  to  be  purple,** 
whereas,  besides  the  Ooal-measure  shales  described  above,  some  of 
the  beds  beneath  the  Plompton  grit  exhibit  a  tendency  to  like  oolonn- 
tion.  To  quote  from  my  paper,*  "  Below  this  (Plompton-grit)  come 
some  50  feet  or  less  of  such  shales  as  generally  occur  in  the  MillBtone- 
grit  series,  followed  by  a  sandstone,  gritty  in  some  parts,  and  generally 
of  a  reddish  colour,  ^ough  not  so  markedly  coloured  as  the  last- 
mentioned  grit;  this  rock,  which  may  average  some  75  feet  in  thick- 
ness, passes  down  into  sandy  and  flaggy  shales,  in  many  parts  having 
a  tendency  to  be  both  gritty  and  of  a  purplish  tint." 

These  general  faot«  led  me  to  infer  that  either  the  oolouring-matter 
contained  in  the  grit  and  shale  beds  was  unusually  brought  out, — that 
is,  that  the  iron  in  them  was  more  than  ordinarily  peroxidized, — by 
some  local  cause,  or  that  colouring-matter  had  been  introduced  by 
some  local  cause.  Now  the  only  cause  1  know  of  is  the  neighbour- 
hood of  the  Magnesian  Limestone,  and  its  having  formerly  over- 
lapped these  very  beds.  The  opinion  that  this  was  the  main  cause 
seemed,  moreover,  to  be  strengtliened  by  the  fact  that  generally  the 
purple  colour  was  most  developed  along  a  line  immediately  beneath 
the  limestone,  though  in  some  cases  the  colour  is  quite  absent  eveu 
there.  1  have  stated  it  as  my  belief  that  the  colouration  "  is  chiefly 
due  to  the  peroxidation  of  iron  ;  and  this,  it  seems  to  me,  may  take 
place  in  two  ways  :  either  by  the  action  of  carbonated  water  from 
the  limestone  above  filtering  through  porous  grits  and  sandstones, 
and  converting  the  protoxides  contained  in  them  into  sesquioxides ; 
or  by  iron  being  brought  from  the  overlying  limestone,  in  the  form 
of  hydrate  and  carbonate,  and  redeposited  in  the  rocks  below." 
Prof.  Ramsay  considers  the  last  explanation  the  most  probable.' 
Prof.  Sedgwick  says,*  "  Hydrate  of  iron  appears  to  form  the  colour- 
ing-matter of  many  of  the  yellow  beds  of  limestone."  Prof. 
Phillips  believes  *  the  purple  colour  to  be  due  to  decomposed  ferru- 
ginous mica,  and  the  absence  or  presence  of  mioa  in  the  difierent 
parts  of  the  same  beds  of  grit  or  shale  might  thus  account  for  the 
absence  or  presence  of  colouration.  This  decomposition  of  the  mica, 
or  other  chemical  changes  occurring  in  the  rocks,  might  take  place, 

1  Quart.  Joum.  Geol.  Soc.,  vol.  ixv.,  p.  293. 

s  **  On  the  Red  Rocks  of  England  of  older  date  thaa  the  Trias.*'     Quart  Joum. 
Oeol.  Soc.,  Tol.  xxvii.,  p.  242. 
'  TraDsactions  of  the  Geol.  Soc.,  ^Tvd«eT\e&^^Q^.\\i..>^.  239. 
^  *'NoteB  on  the  Geology  of  Raxto^W    i^iiaxt.  ^o^imu  Qi«^^qk^.>^^^v.<^^.234. 
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more  or  less,  merely  by  the  action  of  the  atmosphere,  but  such  changes 
would  probably  be  much  helped  forward  and  increased  by  the  infil- 
tration from  above  of  carbonated  water,  together  with  the  hydrate 
ftnd  carbonate  of  iron.  Hence  it  should  not  surprise  us  that  a 
porous,  readily-weathered  grit  should  assume  the  purple  colour  in 
places  far  removed  from  limestone  agency ;  though  the  fact,  that  the 
purple  colour  is  most  common  where  there  has  decidedly  been  a  lime- 
itone  overlap,  seems  to  support  the  view  here  maintained. 

Mr.  Lucas  has  mentioned  a  niimber  of  sections  in  which  the  lime- 
stone rests  on  unstained  rocks ;  but  such  are  evidently  exceptions, 
when  it  is  considered  that  for  several  miles  the  limestone  immediately 
overlaps  red  rocks,  and  that  these  had  in  the  first  place  been  mapped 
IB  possibly  belonging  to  the  Permian,  until  further  evidence  i^owed 
[low  clearly  they  were  of  Millstone-grit  and  Coal-measure  age.  I 
bave  alluded  to  the  non-colouring  of  beds  in  places  as  due  to  the 
rollowing  reasons :  ^  ^*  1st.  Changes  in  mineral  composition  of  the 
rocks  to  be  coloured :  thus  some  grits  contain  much  red  felspar, 
>tbers  but  little  ;  some  sandstones  and  shales  contain  more  mica  and 
nore  iron  oxides  diffused  through  them  than  others.  2nd.  Changes 
in  composition  of  the  overlying  limestone.  3rd.  Differences  in  the 
porosity  of  the  underlying  rocks,  some  withstanding  the  infiltration 
>f  the  carbonated  water  more  than  others.  With  regard  to  this 
ihird  point,  one  would  naturally  expect,  as  is  the  case,  that  permeable 
jrrits  would  be  coloured  to  a  greater  thickness  than  impermeable 
shales ;  while  such  a  rock  as  the  Calliard,  mentioned  as  occurring 
lear  £arwick-in-Elmet,  being  so  flinty  and  close-grained,  might 
resist  the  percolation  altogether,  and  accordingly  it  is  found  to  be 
juite  uncoloured,  although  its  joints  are  lined  with  carbonate  of 
Sme.  The  upper  parts  of  the  coloured  shales  would  likewise  become 
ooarly  by  reason  of  the  calcareous  matter  deposited  within  them." 

Mr.  Lucas  makes  the  strange  statement  that  the  Magnesian  Lime- 
itone  "  does  not  colour  the  fields  red,  when  free  from  drift ;  "  but 
iurely  the  drift  in  those  parts  takes  its  nature  very  largely  from  the 
cooks  beneath :  there  is  little  or  no  red  drift-clay  on  Coal-measure  or 
liillstone-grit  ground  near  Leeds,  while  it  is  found  at  once  upon  the 
liagnesian  Limestone  area;  and  Prof.  Bamsay  says,'  "The  Magnesian 
Limestone  soil  is  always  red." ' 

In  conclusion,  Mr.  Lucas  states  (p.  343),  "Were  Mr.  Ward's  ex- 
planation the  true  one,  the  lower  limestone  ought  certainly,  at  least 
lere  and  there,  to  be  reddish."  But  since  the  iron  is  chiefly  in  the 
!brm  of  hydrate  (2Fe,0,*3H,0),  it  could  not  be  expected  to  impart  a  red 
x>lour,  except  where,  exposed  to  the  atmosphere,  it  becomes  anhy- 
irous  red  peroxide  (Fe,0|)  and  forms  a  red  soil ;  or  when,  as 
carbonate  (FeCO*),  soluble  in  excess  of  carbonic  acid,  it  is  carried 
iway  from  the  limestone  and  redeposited  as  red  peroxide,  the  carbonic 
kdd  being  liberated.  The  black  oxide  (FeO'Fe,0,),  Prof.  Sedgwick 
ays,  is  also  constantly  associated  with  the  yellow  limestone. 

'  Quart.  Jonrn.  Oeol.  Soc.,  toI.  zxt.,  p.  296. 
'  Quart.  Joum.  Geol.  Boc,  vol.  zzyii.,  p.  242. 

>  On  Mr.  Aveline's  workiofi:  copies  over  the  Lowec  'M.agn»iAUilAm<^ji\xsiA^\^^ 
lOMDj notes  of  "red  soil "  and  "  red  clay." 
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lY. — On  the  Foruation  op  Deltas:  akd  on  thk  Eyidencb  iiB 
Cause  of  Great  Chanqes  in  the  Sea-Letkl  du&iho  the 
Glacial  Period.^ 

By  Alfred  Tylob,  F.G.S. 
I*ari  I, 

THE  first  portion  of  this  paper  is  devoted  to  a  comparison  of  tin 
Delta  deposits  of  the  Po,  Mississippi,  and  Ganges,  by  means  of 
the  descriptions  of  the  strata  obtained  from  borings  in  llieir  DeltM 
for  water.  The  surfaces  of  these  Deltas,  and  the  alluvial  plains  abore 
them,  are  compared  together,  with  reference  to  their  height  abof« 
the  sea  and  inclination,  and  it  is  found  that  a  parabolic  curve  drawn 
through  the  extremities  of  each  river,  and  tlm)ugh  one  point  in  its 
course,  nearly  represents  its  longitudinal  section, — the  greatest  devia- 
tion being  30  feet  in  some  of  the  largest  Deltas.  The  Delta  deposits 
are  found  to  be  coarser  and  more  sandy  near  the  bottom,  and  indicate 
more  rapid  rivers  and  greater  rainfall  at  the  earlier  portion  of  their 
history. 

Messrs.  Humphreys  and  Abbott's  descriptions  of  the  Delta  of  the 
Mississippi  are  compared  with  those  of  earlier  writers,  and  a  de- 
scription is  given,  from  their  work,  of  the  late  extensions  of  ths 
Delta  into  the  Gulf  of  Mexico. 

The  formation  of  Delta  deposits  is  explained  by  the  hypothesis  of 
a  change  in  the  level  of  the  sea  instead  of  in  the  level  of  the  land 
and  sea  bottom. 

The  littoral  deposits  around  Great  Britain  are  investigated  by  the 
author,  to  ascertiiin  if  the  hypothesis  of  a  fall  in  the  sea-level  of  600 
feet  during  the  Glacial  Period  is  tenable. 

Some  e\ndence  of  the  extent  of  the  Glacial  Period  is  given,  and 
the  ice-cap  hypothesis  advocated  by  Mr.  Croll  is  alluded  to  as  a 
probable  cause  of  a  great  reduction  in  the  level  of  the  sea  through 
abstraction  of  water  from  the  sea  and  its  deposition  at  the  Poles  in 
the  form  of  ice. 

Tlie  positions  of  the  fossiliferous  strata  of  the  Quaternary  Period 
are  discussed  with  relation  to  Mr.  God  win- Austen's  former  sugges- 
tion of  a  great  river  where  the  German  Ocean  now  is,  formed  by  the 
junction  of  the  Rhine,  Tliames,  and  Humber.  The  probable  age  of 
the  Straits  of  Dover  is  also  alluded  to. 

Professor  Forbes's  examination  of  the  Fauna  and  Flora  of  the 
British  Isles,  with  a  view  to  the  determination  of  the  sources  of 
Alpine  plants,  induced  him  to  believe  that  the  British  plants  and 
animals  migrated  from  Scandinavia,  Germany,  and  France,  at  differ- 
ent periods,  some  before  and  some  after  the  Glacial  Period,  and  the 

*  Being  the  text  in  full  of  a  paper  read  by  the  author  before  the  Geological  Society 
of  London,  November  11,  1868,  but  only  published  in  brief  abstract  in  the  Quart 
Journ.  Geol.  Soc,  1869,  vol.  xxv.,  p.  7. 

The  views  embodied  in  this  paper  received  little  favour  at  the  time  of  their  first 
enunciation ;  but  having  since  been  adopted  by  some  geological  writiTs,  the  author  is 
desirous  that  the  full  text  of  his  paper  (as  delivered  to  the  (Jeological  Societyjin 
1868)  should  be  made  known,  in  order  that  his  claim  to  priority  may  be  recognized. 
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hypothesis  of  a  fall  in  the  sea- level  seems  to  aooord  better  with  the 
facts  he  described,  than  his  supposition  of  changes  of  leyel  of  the 
land  and  sea  bottom. 

If  the  hypothesis  is  correct,  that  there  has  been  a  fall  of  the  sea- 
level  of  600  feet  during  the  Glacial  Period,  followed  by  an  equiva- 
lent rise,  we  ought  to  find  evidence  of  dry  land,  of  rivers,  or  at 
least  of  littoral  conditions,  on  the  bottom  of  the  sea  within  the  100 
fathom  line  of  soundings. 

We  should  not  expect  to  find  a  very  continuous  and  unbroken 
land-surface  preserved,  as  in  the  upward  movement  of  the  sea 
much  ground  would  be  covered  with  deposits  of  clay,  and  shingle, 
and  sand,  and  much  of  the  old  surface  removed  by  currents  and 
"waves. 

De  la  Beche,  Edward  Forbes,  and  Godwin-Austen  have  investi- 
gated the  present  condition  of  the  sea-bottom  round  the  British  Isles, 
and  in  their  writings  are  to  be  found  many  observations  of  facts  that 
may  be  as  conveniently  explained  by  the  hypothesis  of  the  change 
in  the  sea-level  as  by  Uiat  of  a  change  in  the  level  of  the  land  and 
sea-bottom. 

Mrs.  Somerville  writes  (p.  219,  Physical  GJeography) :  "  By  sound- 
ings during  the  Coast  Survey  of  the  United  Kingdom,  it  appears  that 
Great  Britain  and  the  innumerable  islands  and  rocks  that  rise  above 
the  surface  of  the  sea  repose  upon  a  submarine  bank,  bounded  by  a 
line  100  fathoms  deep ;  and  this  bank,  on  which  Great  Britain  and 
all  its  islands  stand,  is  connected  on  the  south-east  through  Holland 
and  Belgium  with  the  Continent  of  Europe." 

Sir  H.  T.  De  la  Beche  (page  192,  Theor.  Researches)  remarks : — 
'*If  the  British  Islands  were  elevated  one  hundred  fathoms  above 
the  level  of  the  ocean,  and  thus  joined  to  the  Continent  of  Europe, 
they  would  be  surrounded  by  an  extensive  area  of  flat  land :  for  the 
fall  from  the  old  sea-coasts  to  the  new  sea-coasts  would  be  generally 
80  gradual  as  to  present  to  the  eye  one  great  plain." 

In  the  Quart  Joum.  G^ol.  Soc,  vols.  vi.  and  vii.,  1850  and 
1851,  Godwin-Austen  gave  maps  of  the  English  Channel  and 
Gk3rman  Ocean,  and  records  littoral  accumulations,  mammalian  re- 
mains, and  freshwater  shells  in  situ,  although  at  depths  reaching 
nearly  to  100  fathoms.  He  boldly  mapped  out  a  diagram  of  the 
course  of  a  great  ancient  river  which  ran  400  miles  north,  receiving 
the  waters  of  the  Rhine,  Thames,  Humber,  Tweed,  and  Tay,  having 
its  mouth  near  the  100  fathom  line  between  the  coast  of  Scotland  and 
the  entrance  to  the  Baltic  Sea.  Plate  7,  vol.  vii..  Quart.  Joum. 
Geol.  Soc,  1851.  He  also  produced  evidence  of  the  former  course 
of  the  river  from  soundings,  and  by  the  presence  of  fossil  mam- 
malia dredged  up  from  near  its  course.  He  records  that  Captain 
White  dredged  up  TJnio  pictorum  between  the  50  fathom  and  100 
fathom  line  off  the  mouth  of  the  English  Channel,  and  that  marine 
gravel  banks  (with  littoral  shells),  formed  at  the  surface  of  the  sea, 
are  now  lying  under  sixty  or  seventy  fathoms  of  water  in  the  same 
locality  (p.  96,  vol.  \'i.  Quart  Joum.  Geol.  Soa,  1850).  In  vol.  \\. 
Quart.  Joum.  (Jeol.  Soo.,p.  117,  Mr.  Godwin- -^uat^m^cox^  \i^^  ^"^ 
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peat  or  turf  being  dredged  up  off  the  coast  of  France— Fas  de 
Calais — by  fishermen. 

Taking  the  facts  as  they  stand  in  the  writings  of  these  aothon, 
who  have  all  treated  the  subject  most  skilfully,  the  hypothesis  of  t 
gradual  fall  in  the  sea-level  of  600  feet  I  think  explains  them  equallj 
welly  or  better,  than  that  of  local  elevations,  or  than  depressioiiB  to 
exactly  the  same  point.  The  great  difficulty  in  Forbes's  chain  of 
argument  was  to  get  the  Scandinavian  flora  across  the  sea.  It  im 
necessary  to  suppose  that  the  space  now  occupied  by  the  German 
Ocean  was  elevated  (of  which  there  is  no  proof),  in  order  to  provide 
dry  land  for  the  plants  to  pass  over.  The  glacial  moUusca  were  found 
by  Forbes  living  in  the  deeper  portions  of  the  German  Ocean,  whidi, 
I  think,  showed  that  there  could  have  been  no  great  elevation  of  the 
sea-bottom.  Whether  the  sea-level  were  reduced  or  the  land  raised 
600  feet,  would  have  the  same  effect  in  producing  changes  of  climate 
and  increased  excavating  power  of  rivers  ;  and  I  think  all  the  phe* 
nomena  of  a  great  northern  river  receiving  the  waters  of  the  Rhine, 
Thames,  Humber,  etc.,  would  occur  as  described  by  Mr.  Godwin- 
Austen,  if  the  sea-level  were  depressed  600  feet 

Mr.  Grodwin- Austen  states  that  the  level  of  the  Bed  Crag  strata 
and  of  the  Thames  Valley  was,  at  the  period  of  the  Red  Crag,  at 
about  the  same  level  as  it  is  now.  See  plate  in  vol.  vii.,  jtagQ  13G, 
Quart.  Joum.  Geol.  Soa,  1851.  But  he  tells  us  that  the  hnd  in 
question  has  undergone  great  oscillations  in  the  intervening  period, 
and  has  returned  to  its  old  level,  p.  136,  vol.  vii..  Quart.  Joan. 
Geol.  Soc,  1851. 

No  proof  of  such  a  movement  is  offered,  and  it  would  appear  as  if 
Mr.  Godwin- Austen  suggested  such  oscillations  of  level  principally 
to  justify  him  in  attributing  an  arctic  climate  to  this  part  of  England, 
such  climate  being  indicated  by  the  terrestrial  flora  and  marine 
fauna,  and  subaerial  gravel  in  the  Quaternary  Period.  Now  the 
hypothesis  of  a  great  fall  in  the  sea-level  and  subsequent  rise  of  the 
water  to  the  same  point  would,  I  think,  explain  satisfactorily  the 
occurrence  of  great  subaerial  beds  of  gravel  with  fluviatile  and  ter- 
restrial remains,  without  the  necessity  of  supposing  an  immense 
elevation  of  England  and  a  subsidence  afterwards  to  exactly  the 
same  point. 

I  say  exactly,  because  the  Crags  and  fossiliferous  gravel  deposits 
are  situated  on  a  very  narrow  and  level  horizon.  A  fall  in  the  laud, 
now,  of  fifty  feet,  would  immerse  every  portion  of  the  Red  and 
Norwich  Crags,  and  of  the  fossiliferous  gravels  containing  Cyrena. 
The  Coralline  Crag  is  found  a  few  feet  higher  than  the  others. 

The  top  of  the  Bed  Crag  and  of  the  Cyrena  sands  in  the  Thames 
and  number  Valleys  reach  the  same  height  "within  three  or  four  feet, 
and  are  all  under  the  60  feet  range  of  height  at  the  present  time.* 

Then  on  the  English  south  coast  and  at  Sangatte  there  are  raised 
beaches  occupying  similar  positions  as  to  level  as  the  Crag  in  the 
German  Ocean,  and  containing  erratic  boulders  at  their  base  as  in 
die  Red  Crag. 

les  Wood,  in  a  letter  to  A.  T^\ot  i«B^^«s:\AXi^^^\i^\!i^\.  q>1  t]ii«  Crag. 
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Mammalian  remains  have  been  foand  at  the  Brighton  raised  sea- 
beach  within  the  50  feet  level.  The  shells  in  the  raised  beaches  in 
bhe  English  Channel  not  being  of  Arctic  forms,  is  presumptive 
rvidence  that  the  Straits  of  Dover  were  not  open  at  the  raised  beach 
period. 

No  one  can  see  the  great  valley  of  the  Somme,  or  the  Dover 
Valley,  without  being  convinced  that  in  the  Quaternary  Period 
these  wide  and  deep  valleys,  excavated  out  of  solid  chalk,  were 
filled  by  large  rivers. 

I  would  propose  to  continue  Gkwiwin-Austen's  great  river  up  to 
the  Somme,  and  the  Dover  river  down  the  space  now  occupied  by 
the  English  Channel,  at  the  period  when  the  Atlantic  only  reached 
the  present  100  fathom  line  on  our  coasts,  and  when  the  spaces  now 
>ccnpied  by  the  (Jerman  Ocean  and  the  English  Channel  were  dry 
Land.  During  the  Glacial  Period  of  160,0^  years  (?),  there  would 
liave  been  ample  time  for  the  river  Somme  and  the  Dover  river, 
draining  land  relatively  600  feet  higher  than  at  present,  to  have  ex- 
cavated wide  valleys  where  the  Straits  of  Dover  are  now  situated. 
Under  a  cold  climate,  such  as  the  South-east  of  England  would  have 
tieen,  removed  so  far  from  the  Oulf-Stream,  and  reaching  an  eleva- 
tion of  1400  feet  above  the  sea  at  the  close  of  the  cold  period,  after 
%  very  extensive  denudation,  we  might  expect  the  whole  of  the  South 
3f  England  to  have  been  denuded  very  rapidly.  The  chalk  is  now 
X)vered  by  vegetation,  and  the  atmosphere  acts  slowly  upon  it ;  but 
wherever  it  is  suddenly  exposed  to  the  air  and  cold,  it  crumbles 
siway  with  great  rapidity.  The  chalk  hills  resting  upon  beds  of 
sand  and  loose  clay,  exposed  to  a  very  wet  and  cold  climate,  at  ele- 
vations between  600  feet  and  2000  feet  above  the  sea,  would  be 
rapidly  denuded.  The  abruptness  of  the  escarpment  of  the  North 
uid  South  Downs,  and  the  steepness  of  the  curves  of  denudation, 
^ve  an  exact  measure  of  the  force  of  the  cold  and  pluvial  action 
upon  strata  (of  different  powers  of  resistance  and  elevation), 
situated  on  either  side  of  the  watershed,  the  apex  of  the  curves. 
[}old  and  rain,  those  active  agencies  of  denudation,  have  operated 
upon  strata  differing  in  their  pervious  or  impervious  qualities  in  re- 
lation to  lines  of  drainage  in  mineral  character,  in  inclination  to  the 
[lorizon,  and  in  distance  from  the  points  of  drainage  to  the  highest 
point  of  land  (determining  all  intermediate  levels),  and  have  given 
these  escarpments  their  present  outline. 

The  Dover  river  has  its  source  in  a  valley  commencing  within  a 
few  yards  of  the  steep  escarpment  of  the  chalk,  only  separated  by  a 
few  yards  from  the  edge  of  the  Chalk  hills  down  which  water  flows 
in  the  opposite  direction,  following  a  binomial  rather  than  a  para- 
t)olic  curve. 

In  passing  from  a  watershed  in  any  direction  to  the  sea,  or  to  the 
bottom  of  a  valley,  the  slope  of  the  ground  gradually  increases  and 
then  gradually  decreases  until  it  reaches  the  still  water.  This  form 
)r  outline  at  the  surface  can  be  expressed  by  a  binomial  curve  of 
lome  kind  on  any  line  of  section.  This  is  therefore  Vh^  V)ti<^'t^>A»d\. 
3arve  of  deDadation  of  which  the  author  ba&  aLxoaA^  is^^jkATi.    ^^^ 
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p.  392.  These  curves  vaiy  on  the  two  sides  of  a  watershed  with  Uie 
respective  inclination  flexures  and  difficulties  of  the  strata  and 
position  with  regard  to  drainage.  The  curves  vary  particularlj 
with  the  projection  of  harder  beds  and  retreat  of  softer  beds  from 
the  theoretical  line  (Quetelet,  p.  413.  Lettres,  etc.,  Curves  shown, 
1846). 

The  slope  of  the  bottom  of  the  Dover  Valley  is  about  385  feet  in 
7  miles,  or  1  in  55.  The  Somme  drains  a  more  extensive  area,  and 
is  a  larger  and  slower  river.  It  contains  along  its  course,  and  neir 
the  level  of  the  present,  river,  fluviatile  deposits  with  Cyrena  flumi- 
nalis.  As  this  shell  is  found  fossil  abundantly  in  the  Thames  and 
Humber  rivers  flowing  into  the  German  Ocean,  it  seems  probable 
that  the  Somme  river,  since  it  is  inhabited  by  the  Cyrena  flunUnalii, 
drained  into  the  Grerman  Ocean,  and  not  into  the  English  Channel— 
the  Cyrena  is  found  in  no  other  river  draining  into  the  Ikiglish  Channel 
The  Vame  shoal,  between  Dover  and  Calais,  would  appear  to  mark 
the  former  watershed  of  the  Somme  and  Dover  rivers. 

Sir  n.  T.  De  la  Beche  examined  the  soundings  in  the  Channel,  in 
order  to  see  if  the  large  valleys  which  opened  on  to  the  coast-line 
were  continuous  under  the  sea.  He  found  they  were  not  now  to  be 
traced,  but  I  think  this  is  no  proof  that  they  did  not  exist. 

The  action  of  the  sea  may  have  filled  up  the  deeper  portions  of 
the  valleys  with  deposit,  and  abraded  the  old  watersheds  lying 
between  the  systems  of  valleys  formed  when  the  space  occupied  by 
the  Channel  was  dry  land.  The  measure  of  time  for  partly  exca- 
vating and  filling  up  the  Channel  valley  may  be  represented  by  that 
requisite  for  the  denudation  of  the  Wealden  area  and  the  south  of 
England. 

Prior  to  the  Glacial  Period  we  should  expect  that  there  was  high 
land  between  Dover  and  Calais,  and  that  when  the  German  Ocean 
and  English  Channel  became  dry  this  land  was  lowered  immensely 
by  fluviatile  and  pluvial  denudation. 

The  work  of  the  sea  in  opening  out  the  Straits  of  Dover  would  be 
much  facilitated  if  the  space  between  Dover  and  Calais  had  been 
previously  perforated  by  two  large  rivers,  and  still  more  by  the 
action  of  their  tributaries  and  by  rainfall,  during  a  period  which  has 
been  supposed  by  astronomers  to  have  lasted  160,000  years.  All 
over  the  south  of  England  there  is  evidence  of  subaerial  and  pluvial 
gravel  reaching  nearly  to  the  summit  of  the  hills,  and  the  character 
of  the  debris  and  the  size  of  the  now  dry  valleys  and  character  of 
the  watershed  indicate  the  kind  of  climate  which  existed  in  the 
south  of  England  from  the  time  of  the  elevation  of  the  Wealden 
area  nearly  to  the  historical  period.  The  unsymmetrical  flexures 
in  the  Wealden  and  Cretaceous  Beds  show  the  exact  direction  of 
the  elevatory  force,  which  was  oblique  ^  to  the  horizon  and  to  the 
Channel,  bending  the  strata  in  a  double  oblique  system,  by  the 
author's  measurement.    The  uneven  surfaces  of  the  Palaeozoic  rocks' 

^  Mr.  Hopkins  treated  the  force  as  vertical,  and  did  not  observe  flexures. 
^  The  most  favourable  situation  for  boring  for  coal  is  between  Fairlight  Glen  and 
Crowboro  Beacon, 
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below  would  transmit  pressures  unequally  along  the  axial  line  and 
at  right  angles  to  it,  on  account  of  varying  rigidity,  and  would  ac- 
connt  for  unequal  elevation  to  some  extent  along  the  axial  line  of 
greatest  elevation. 

The  tides  would  rise  much  higher  at  the  extremity  of  both  the 
English  Channel  and  German  Ocean  before  the  perforation  of  the 
Straits  of  Dover  than  they  do  now,  and  a  rise  of  tide  in  the  Thames 
and  Somme  equal  to  that  in  the  river  Wye  would  explain  many 
difiSculties. 

When  the  breach  off  Dover  was  made  sufficiently  wide  to  unite 
the  two  seas,  the  tide  would  not  rise  to  its  former  height,  and  this 
i^onld  give  the  appearance  of  the  sea-beaches  along  the  coast  having 
been  raised,  and  not  that  of  the  sea-level  being  lowered. 

The  shingle  flats  near  Caleds  and  at  Dungeness  are  analogous  in 
character  and  level. 

The  Antwerp  Crag  and  the  true  Norwich  or  Mammaliferous  Crag  are 
also  at  a  very  low  level  and  near  the  present  estuaries. 

The  shells  in  a  well-section  at  Permerunde,  North  Holland,  ob- 
served by  Mr.  Bumell  in  1852,  were  marine,  but  there  was  evidence 
of  an  old  land-surface  at  66  feet  below  high-water  mark,  and  this 
seems  to  match  the  level  of  the  submarine  forests  all  round  the 
British  coasts,  and  the  sections  in  Cornwall  in  which  Colenso  found 
tin-stone  gravel,  mammalian  and  human  remains,  below  the  later 
marine  or  estuary  deposits  (page  407,  De  la  Beche,  Devon  and 
CJomwall). 

At  Pentuan.  Cornwall,  human  remains,  skulls,  are  stated  to  have 
been  found  under  40  feet  of  detritai  accumulations,  also  mingled 
-with  the  remains  of  deer,  oxen,  hogs,  and  whales  (page  404,  op.  cit.). 
Mr.  Colenso  describes  a  piece  of  shaped  wood,  on  the  upper  part  of 
the  silt,  that  reposes  upon  the  remains  of  a  submarine  forest,  the 
trees  of  which  have  grown  upon  the  tin  ground.  Bemains  of  man 
mingled  with  those  of  deer  and  other  animals  were  found  at  Camon, 
among  wood,  leaves,  and  nuts,  53  feet  below  the  river- wash  (see  also 
Geological  Transactions,  vol.  iv.,  1817,  p.  404). 

Section  at  Camon  Stream  Tin  Works : — 

1.  Mud  and  sand,  7  feet 

2.  Granite-gravel,  intermingled  with  small  pieces  of  a  sabstance  resembling  charcoal 

and  a  few  shells,  3  feet. 

3.  Fine  gravel,  mud,  and  shells,  12  feet.     About  this  depth  several  beds  of  oysters, 

4  or  5  feet  in  thickness,  extending  irregularly  to  within  4  or  6  feet  of  the  tin 
ground. 

4.  Closer  mud  intermingled  with  shells.    In  this  stratum  have  been  found  several 

branches  and  trunks  of  trees  cut  with  an  axe  or  sharp  instrument,  horns,  and 
bones  of  stags,  likewise  human  skulls. 

5.  Tin  ground,  varying  from  1  to  6  feet.    The  shells  correspond  with  those  found 

in  the  Falmouth  Estuary. 

Mr.  Hay  Lankester  informs  me  that  at  Antwerp  the  Black  Crag  is 
below  the  level  of  high- water,  reposing  on  Eocene  Clay.  The  top  of 
the  Yellow  Crag  is  within  20  feet  of  the  level  of  high  water. 

The  Oyrena  beds  of  St.  Valery  and  Abbeville  are  also  within  50 
feet  of  high-water  mark. 

Differenij  opinions  prevail  as  to  the  relative  aga^  oi  V)tkft«ft  Ot^^g^ 


TVoehua  eimreut, 
MolUria  costuiata. 
Trophon  ilathratui. 
FUuroiomM  pframiduUi, 
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fluviatile,  and  eBtuanr  gravel  beds  (containing  fossils),  raised  beadfli 
and  tin-stone  gravels  covered,  with  marine  remains^  on  aooonnt  of 
their  different  organic  contents.  As  fSeur  as  regards  position  merely, 
all  these  deposits  are  now  on  one  horizon,  and  the  circumstanoe  of 
some  beds  being  deposited  before  the  Glacial  Period  and  before  the 
fall  of  the  sea-level,  and  others  at  the  close  of  the  Olacial  Period, 
may  explain  their  being  on  one  horizon,  and  apparently  almost  con- 
tinuous, although  really  separated  by  an  immense  interval  of  time; 
no  change  having  taken  place  in  the  level  of  the  land,  but  greet 
oscillation  in  the  sea-level  having  occurred  in  the  Qlacial  Period. 

Mr.  Gwyn  Jefireys  has  lately  recorded  ^  the  discovery  of  specimens 
of  fossil  littoral  arctic  shells  off  the  Shetland  Isles,  in  about  90 
fathoms  of  water.  The  following  species  were  found  by  *him  in 
dredging,  and  are  arranged  in  the  order  of  their  abundance : — 

Tenbratelh  Spitzbergentu, 

Mhynehonella  psiUaeca, 

Feeten  Islandieut, 

Tellina  ealcarea, 

Mya  trvneata.  Tar.  UddevalUfmt. 

All  these  shells,  I  believe,  are  found  fossil  in  Sweden  and  living 
in  the  extreme  Arctic  seas.  None  of  these  species  are  ever  found  in 
deep  water,  so  that  their  presence  scattered  over  a  wide  area  of  sea- 
bottom  is  remarkable,  and  corresponds  with  the  discovery  of  shin^e 
and  littoral  shells  in  the  English  Channel  at  similar  depths.  The 
littoral  shells  in  the  English  Channel  are  not  of  Arctic  forms,  like 
those  in  the  German  Ocean,  and  this  is  a  proof  that  they  were  de- 
posited on  the  sea-bottom  of  the  English  Channel  before  the  junction 
of  the  English  Channel  and  Grerman  Ocean  at  the  Straits  of  Dover 
was  effected. 

ITie  discovery  of  these  9  species  of  fossil  shells,  by  Mr.  Gwyn 
Jefireys,  at  a  depth  of  90  fathoms,  off  the  Shetland  Islands,  is  an  im- 
portant addition  to  Forbes'  and  Godwin- Austen's  observations.  This 
discovery  affords  independent  and  corroborative  proof  of  identical 
conditions  with  those  observed  by  them  in  other  parts  of  the  sea- 
bottom,  and  it  establishes  the  existence  of  littoral  conditions  near  the 
present  1 00  fatlioin  line  during  the  Quaternary  Period  in  the  North  Sea, 
and  is  therefore  an  additional  support  to  the  hypothesis  we  are  con- 
sidering. A  fall  in  the  sea-level  of  600  feet  would  not  only  produce 
littoral  conditions  off  Shetland,  without  any  change  of  level  of  the 
sea-bottom,  but  would  tend  to  lower  the  temperature  of  the  air  very 
much,  and  also  to  increase  the  rainfall.  There  are  certain  conditions 
under  which  a  rainfall  of  300  inches  per  annum  might  be  produced 
in  our  climate,  but  this  would  involve  the  summer  heat  being  130° 
Fahrenheit  near  the  locality  of  a  mountain  range  of  1,500  to  2,000 
feet.  The  amount  of  rainfall  depends  greatly  upon  the  elevation  of 
the  temperature  of  the  air  at  the  sea-level  (supposing  it  saturated 
with  moisture),  and  the  low  temperature  of  the  air  on  the  mountain 
range  intercepting  the  aerial  currents.* 

*  Brit.  Absoc.  Reports,  Dundee,  1867,  p.  431. 

'  Abstract  '*  On  Loess  of  the  Valleys  of  the  South  of  England  and  the  Somme." 
Gw>L  Joum,f  p.  504,  vol.  xix.,  186^. 
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We  might  have  in  oiir  latitude  a  summer  heat  of  130^,  from  the 
general  elevation  of  the  heat  of  the  globe,  from  an  increased  volume 
of  the  Gulf-Stream,  and  from  a  greater  prevalence  of  the  west  and 
south-west  winds. 

The  Pluvial  Period  which  I  proposed,  and  which  was  so  much 
objected  to  in  the  discussion  of  my  paper/  does  not  require  any  greater 
volume  of  water  than  has  been  before  suggested  by  geologists.  I 
find  that  heights  of  80  feet  were  proposed  for  the  ordinary  difference 
of  winter  and  summer  floods,  in  passages  of  two  different  memoirs 
by  Mr.  Prestwich,  as  occurring  during  what  he  considers  the  earlier 
part  of  the  Oravel  Period. 

There  is,  however,  in  England,  no  appearance  of  tropical  vegeta- 
tion in  the  Quaternary  deposits,  such  as  we  should  expect  would 
accompany  a  temperature  of  130^,  and  we  must  therefore  try  one  of 
the  other  alternatives. 

We  could  not  have  rivers  varying  80  feet  in  summer  and  winter 
without  some  such  rainfall,  except  we  have  pluvial  and  tidal  condi- 
tions very  different  from  those  now  in  the  Thames  and  Somme 
Valleys.  What  we  want  is  to  explain  the  enormous  rise  of  rivers  in 
a  cold  climate  during  the  Quaternary  Period.  In  the  year  1840  the 
ice  brought  down  by  a  January  flood  gorged  at  a  point  about  9 
miles  from  the  mouth  of  the  Vistula,  and  cut  a  channel  through  the 
sand  hills  to  the  sea.  This  is  now  the  mouth  of  the  Vistula,  that 
passing  Dantzic,  has  been  turned  into  a  canaL' 

I  do  not  intend  here  to  discuss  the  question  of  subsidences  and 
elevations,  which  have  affected  the  surface  of  the  earth  so  largely, 
and  have  no  doubt  occurred  in  some  localities  during  the  period 
under  consideration.  I  would,  however,  remark  that  in  Wealden, 
Socene,  or  Miocene  Deltas  is  there  any  instance  of  any  large 
fiuviatile  deposit  having  been  elevated  or  depressed  evevdy  over  a 
large  area ;  while  all  over  the  world  a  perfectly  even  movement  of 
subsidence  is  supposed  to  have  taken  place,  just  at  the  mouths  of 
large  rivers,  in  the  Quaternary  or  most  recent  period,  in  order  to 
aooount  for  modem  freshwater  Delta  deposits  containing  shells  living 
in  the  adjoining  seas,  being  now  found  hundreds  of  feet  below  the 
sea-leveL 

(To  be  concluded  in  our  next  number,) 


V. — Glacial  Drift  of  the  Ckhtbal  Pabt  of  the  Lake  Distbiot, 

UP  TO  2800  FEET  ABOVE  THE  Sea. 

Bj  D.  Mackintosh,  F.G.S. 
(Author  of  Articles  on  the  Drifts  of  the  Borders  of  the  Lake  District.) 

DXJEING  five  and  a  half  weeks'  examination  and  study  of  the 
glaciated  rock-surfaces  and  drifts  of  the  south-central  part  of 
the  Lake  District,  in  June  and  July  last,  I  was  fortunate  in  meeting 
with  many  fresh  and  clear  sections  in  diggings  for  house  sites,  drains, 

^  See  Quart.  Joum.  Geol.  Soc.  LoncL,  1868,  May  10,  toI.  zxir.  pp.  456-6. 

*  Pfeffer,  *'  On  the  Vistula,"  Dantzic,  1849.      The  gorging  of  ice  at  the  lAs^^ii^  ^1 
tlie  Thames,  Seine,  and  Somme  maj  have  asntted  in  Oiq  piod\ie\ioTk  ol  wsuxa  ^1  ^dod^ 
rMBirkabJe  gravel-beds  in  these  riren. 
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gravel-pits,  tracks  of  unusually  large  rain-torrents,  etc.,  which  en- 
abled me  on  some  points  to  arrive  at  a  more  satisfactory  classificatioii 
of  the  drifts  of  the  country  than  I  had  previously  succeeded  in 
devising. 

Traces  of  a  Great  Valley-ignoring  Ice-stream, — It  was  not  long 
before  I  found  myself  constrained  to  return  to  the  doctrine  advocated 
in  "  Scenery  of  England  and  Wales  "—namely  that  a  stream  of  land- 
ice  must  once  have  assailed  the  central  part  of  the  Lake  Distiicfc 
from  the  N.N.W., — a  stream  of  sufficient  thickness  and  possessed  d 
sufficient  force  to  enable  it  to  march  over  the  irregular  plateau 
between  the  Stake  pass  and  Dunmail  Raise — ^to  glaciate  the  vaUeys 
and  ridges  obliquely  or  directly  across,  from  Far  Easdale  (if  not 
from  a  more  northerly  latitude)   to  Morecambe  Bay,  and  over  a 
breadth  of  country  extending  from  the  upper  part  of  the  two  Lang- 
dales  and  the  Coniston  Old  Man  in  the  west,  to  Kentmere  in  the 
east — the  direction  of  the  mammillation  and  primary  striation  within 
this  district  ranging  between  N.  and  N.W.,  the  general  direction 
being  about  N.N.W.     This  great  ice-stream  smoothed  nearly  all,  if 
not  all,  the  roches  moutonn^esy  from  the  splendid  series  on  the  top  of 
the  ridge  (up  to  1700  feet)*  between  Easdale  and  Great  Langdale, 
down  to  the  bosses  in  the  two  Langdales,  Orasmere,  Easdale,  Bydal, 
Ambleside,  Windermere,  and  Old  Man  valleys,  and  those  situated  on 
the  watershed  between  Windermere  and  Stavely,  and  to  the  S.  of 
Windermere  and  Bowness.     This  valley-ignoring,  or  rather  Lake- 
district-ignoring  ice-stream  (for  it  treated  high  ridges  as  subordinate 
obstruct  ions),  would  appear  to  have  ground  down  a  great  part  of  the 
country  during  its  uphill,  downhill,  and  across-dale  progress.*      But 
the  comparative  absence  of  smoothed  and  glaciated  stones  at  high 
levels,  even  where  the  roches  montonnSes  are  strikingly  developed,  and 
the  uniformly  smooth  (excepting  where  weathered)  and  curvilinear 
character  of  the  roches  moutonn^es,  would  seem  to  indicate  that  the 
rocks  were  mainly  ground  down  by  grit  adhering  to  the  base  of  the 
ice,  and  that  the  large  loose  blocks  the  ice  met  with  in  its  course 
were  either  reduced  to  finer  matter  or  jammed  up  in  abrupt  recesses. 
If  we  except  boulders  more  than  nine  inches  or  a  foot  in  average 
diameter,  not  one  stone  out  of  ten  in  the  Pinnel  of  the  central  parts 
of  the  Lake  District  is  distinctly  glaciated,  whereas  in  the  marine 
boulder  and  brick  clays  of  Cheshire,  at  least  one  stone  out  of  three 
is  decidedly  flattened,  grooved,  or  scratched.^     These  facts  would 

^  I  fouud  very  distinct  striae  pointing  N.N.W.  at  a  point  more  than  1600  feet  aboTe 
the  sea  on  this  ridge.  Lower  down,  the  direction  of  the  rock -smoothing  and  strisB 
crosses  the  outlets  ot  Easdale  and  iUind  Turns. 

2  '1  his  ice-stream  must  have  so  smoothed  and  rounded  the  cliffs  and  rocky  projec- 
tions as  to  prevent  their  shedding  much  scree-matter  for  a  lone  time  aAerwards,  and 
if  to  this  consideration  we  add  the  possible  disappearance  of  glaciers  from  the  larger 
valleys  soon  after  the  ice-sheet  vamshed  from  the  immediately  surrounding  plains  (for 
even  the  inner  ends  of  these  valleys  often  lie  lower  than  the  plains),  we  shall  see 
reason  for  expecting  to  find  comparatively  little  subaerial  moraine-matter  represented 
among  the  dritts  of  the  Lake  District. 

'  J  n  some  parts  of  the  Lake  District  where  the  smaller  stones  are  fine-grained  and 
not  very  hard,  the  proportion  exhibiting  scratehes  is  greater,  but  even  then  the  stonea 
"e  Bcarcvly  ever  much  fiattcued  ot  iegvi\a.iVj  ^xoo-h^. 
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dm.  to  show  that  floating  coast-ice  is  the  great  glaciator  of  stones, 
tiile  land-ice  is  the  great  grinder  and  smoother  of  solid  rocks. 
Clay-  and  Gravel-Pinnel  or  SammeL — I  have  lately  seen  upwards 
a  hundred  clean  sections  of  this  formation  from  134  up  to  2800  feet 
ove  the  sea.  It  consists  of  clay,  loam,  or  sand,  intermixed  with 
imerous  stones  from  the  size  of  a  pin's  head  up  to  one  foot  or 
metimes  a  foot  and  a  half  in  average  diameter,  boulders  of  a  larger 
se  being  very  exceptional.  The  stones  are  nearly  all  more  or  less 
nnted,  some  of  them  considerably  rounded,  but  most  of  them  sub- 
gular.  The  stones  chiefly  lie  or  stand  at  various  angles,  but  not 
[frequently  exhibit  a  tendency  to  a  curved  linear  arrangement, 
e  almost  invariably  find  the  stones  less  and  less  rounded  the 
gher  we  ascend  the  hill-sides — a  fact  (as  above  hinted)  not  very 
sily  reconciled  with  the  idea  of  their  having  been  distributed  by 
e  great  ice-sheet  which  ignored  hill  and  vaUey.  In  the  two  kinds 
pinnel,  the  clayey  ("waxy")  and  the  sandy  or  gravelly,  the  stones 
e  similarly  distributed ;  and  both  kinds  (but  especially  the  latter) 
3quently  present  the  appearance  of  being  rudely  stratified  in  the 
rm  of  a  series  of  curves  or  arches,  occasionally  varied  by  a 
Qgh  interwedging  of  beds.  The  waxy  pinnel  often  contains 
eons,  beds,  or  pockets  of  sand. — ^Pinnel  may  be  found  in  nearly  all 
isitions.  It  fills  up  crevices  and  recesses  in  the  rocks,  chokes  up 
ook  courses,  clings  to  steep  as  well  as  gently-rising  hill-slopes,  and 
vers  plateaux  and  broad  ridges  at  various  levels  ,*  but  the  greatest 
gusses  are  associated  with  angular  or  mammillated  rocky  projec- 
ms  which  would  appear  to  have  arrested  it  in  its  forwanl  move- 
ent.  In  such  positions  it  forms  undulating  terraces,  and  gently- 
relling  large  oblong  knolls  which  generally  run  along  the. sides  or 
iddle  of  the  larger  valleys,  or  diversify  broad  low-level  passes. 
le  colour  of  the  pinnel  is  usually  yellowish  brown,  sometimes 
ey,  especially  when  dry. 

Pinnel  on  Hehellyn.—On  the  W.  side  of  a  great  part  of  Helvellyn 
ere  is  a  flat  terrace  which  slopes  transversely  from  about  1900  feet 
>  to  2100  feet.  It  is  more  or  less  covered  with  drift,  the  greater 
krt  of  which,  I  believe,  is  true  pinnel.  West  of  the  top  of  Hel- 
illyn,  a  steeper  slope  at  a  higher  level  runs  up  to  2800  feet,  where 
sudden  rise  of  the  ground  marks  its  termination.  At  this  point 
^hich  is  only  a  few  hundred  yards  from  the  top  of  the  mountain) 
was  fortunate  in  finding  a  newly-cut  drain  apparently  intended  to 
vert  a  part  of  the  water  of  the  celebrated  Brownrigg  well  to  a 
ine  at  a  lower  level.  Under  a  covering  of  stony  loam  I  saw  a 
Mtr  section  of  typical  clayey  pinnel,  and  afterwards  found  pinnel 

brook  sections  lower  down,  so  that  the  upland  extension  of  this 
posit  to  at  least  2800  feet  above  the  sea  may  be  regarded  as 
rtain.  But  as  pinnel,  especially  clayey  pinnel,  could  only  have 
en  formed  directly  or  indirectly  by  ice-action,  the  former  ex- 
cision of  either  land  or  sea-ice  (possibly  both)  to  this  great  cdtitude 
n  scarcely  be  doubted. 

Pinnel  Hillocks  and  Surface  Blocks. — In  inland  valleys  axvd  xr^\dxA 
nns,  on  passes  between  hillB,  and  on  oola  or  de^re^^^^  ^^^ds\&  o\ 

roL,  a.— NO,  xdx,  7ft 
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ridgea,  the  pinnel  (ooDtaining  many  smaU  blmted  or  alisfatij  laanU 
BtoDM,  ana  BOme  ^aoiated  imall  bonlden,  bnt  no  uzge  aagabr 
blookB)  often  snrrounda  or  ii  asaooiatad  witt 
pTcgeqting  boMM  of  rock,  in  tha  fiicm  tf 
small  detaobed  or  semi-deteohed  faillodt 
or  groups  of  hillookB,  as  in  Great  I^ng*  ~ 
Upper  Bydal,  and  Kentmara  tbIIcts, 
d^  and  Blind  Tun  owma  (Qtaaiuew), 
Donmafl  and  Ktrkstone  passea,  ato.  ObNr 
seotionB  of  theae  abrapt  billocika'  gaiHnll^r 
reveal  as  good  pinnal        "    - 


I  tiiat 


G I    tbe   large   genl^-awdlins  knolb  of 
1^     wider  TaUeys,  with  this  drfeceaoe  dial 

3  ^"    ^"^'^""~ 


duttb 

c*    billookstOTTa^terQieludlowabalnraatdM^ 

are  mnoh  more  dotted  wUh  lai«  angilv 

blodcs  (inoladine  split  Uooka),  iniiah,Hnp- 

(4    ever,  are  o(MfiaMtotlieBaifaoe,<n-toaAii 

d*  ooveriiigofloamyd6bris,*wilhtbi»aaeeptba 
of  afbwoonneotedwHh  Iliemklst^rii^nMkj 
noolM.  lie  sarftoa-bloda  are  praliali^ 
"  droppings  "  from  rafia  of  ooaat-ioB,  or  flm 
small  icebai^  (derived  from  bia^t-levslgk 
oiers)  wbichingawraldidnotfloatvaT-frr 
before  parting  with  their  loads,'  aa  dwM 
blooka  are  chiefly  found  in  inland  or  upland 
distriots  at  no  veiy  great  distance  from  olifi 
which  break  up  into  large  fragments.  At  the 
months  of  cwms  (as  in  the  case  of  ConistoB 
Low  Water)  on  the  aides  of  inland  valleyi 
(as  near  Seathwaite) ,  there  are  often  ridgei, 
or  rows  of  angular  blocks,  which  are  sri- 
dently  the  aubo^ial  moraines  of  email  jmwI- 
man'ne  gladera,  but  they  belong  to  a  pariod 
distinct  from  that  of  the  pinnel  hillotfa 
which  most  observeis  have  mistaken  tat 
moraines.  An  eminent  Bootoh  glaoialist  in- 
clines to  agree  with  me  in  regarding  snA 
hillocks  as  a  more  abrupt  form  of  TOl  or 
Boulder-day  knolls. 

The  red  stony  loam  which  generally  ^tt 
„     always)  covers  the  pinnel  in  uio  Lake  IKt- 

1^    triot,  is  often  the  merely  weathered  partif 

r  I    thn  ninnnl :  bnt  after  a  Dumber  of  observe 


!l 


the  pinnel ; 

1  I  hiTs  eumined  «bout  twaatj  lectioiM  of  ftw 
mnnel  Mlloclu,  the  two  mint  ecmpleM  being  ttK 
ElUnraKr  Villafi;(i,  >nd  Dsjimail  lUna  Cottage. 

*  This  d^brii  hai  partly  deUnniaed  the  ihipetf 
the  (nKJIeT  anA  le«  ngnlar  hillocki. 
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one  on  hill-slopes,  I  could  not  give  up  the  belief  that  the  loam  (espe- 
ially  where  the  imbedded  stones  are  angular,  and  still  more  especially 
rhere  the  loam  is  associated  with  laige  angular  blocks)  is  what  Victor 
[ogo  would  call  a  "veritable  construction."  I  now  however  believe 
lat  this  stony  loam  is  not  the  equivalent  oi  the  brick-clay  of  the  plains 
f  the  N.W.  of  Englaiid,  but  that  it  is  on  the  horizon  of  the  part  of 
le  middle  sand  and  gravel  which  is  found  on  the  hill-sides,  or  on 
le  borders  of  the  hills.  That  the  eskers  of  Ireland  and  kames 
r  Scotland  were  piled  up  during  some  part  of  the  Middle  Sand 
ad  Gravel  Period  ccm,  I  think,  scarcely  be  doubted ;  and  I  now 
>e  reason  for  believing  that  the  second  submergence  which  I  have 
ipposed  necessary  for  the  accumulation  of  the  upper  or  brick  clay 
r  tiie  plains  was  of  very  limited  extent,  and  that  this  clay  seldom 
B68  higher  than  400  or  500  feet  above  the  present  sea-level — the 
colder-clay  at  higher  levels  in  LancasMre,  Yorkshire,  Chesliire,  and 
le  Welsh  borders,  being  the  equivalent  of  the  pinnel  of  the  Lake 
^strict. 
The  drifts  of  Scotland  and  the  N.W.  of  England  cannot,  I  believe, 
B  correlated  without  regarding  the  English  upper  or  brick  clay 
ibove  which  there  are  no  eskers  or  kames)  as  the  representative  of 
le  Scotch  shelly  clay.  My  pinnel  may  possibly  represent  both 
le  till  and  boulder-clay  of  Mr.  James  Geikie;  and  the  more 
ncient  blue  clay  of  the  N.W.  of  England  and  Wales  may  be  on 
le  horizon  of  the  lower  or  dark  till  of  Swedish  geologists. 


VI. — NOTKS   (W   THE   ROSL^N   HiLL  ClAY   PiT. 
By  the  Key.  T.  G.  Bonnby,  M.A.,  F.G.S. 
(Read  before  the  Cambridge  Philosophical  Society,  May  13,  1872.) 

r[S  pit  has  already  formed  the  subject  of  communications  to  the 
Society.  In  one  read  February  16th,  1863,  and  in  a  sub- 
Hjnent  paper  published  in  the  Gbologioal  Maoazinb,  Vol.  U., 
.  529,  Mr.  Seeley  maintained,  as  I  believe  Professor  Sedgwick  had 
['Ways  held,  that  the  singular  juxtaposition  of  Kimmeridge  Clay, 
retaoeous  rocks,  and  Boulder-clay,  was  due  to  faulting.  In  1868 
le  Bev.  O.  Fisher  communicated  a  paper,  in  which  he  accounted  for 
le  phenomena,  by  considering  the  Cretaceous  beds  as  a  huge  botdder- 
ke  fragment,  dropped  into  a  valley  which  it  had  excavated  in  the 
immeridge  Clay,  with  the  intervening  space  filled  up  with  Boulder- 
ay.  Shortly  after  this  had  been  read,  Mr.  Seeley  published  a  paper 
I  the  Oeolooioal  Magazine  (Vol.  Y.,  p.  347),  in  which  he  attacked 
X.  Fisher's  view.^  The  explanation  of  the  phenomena  may  there- 
re  be  fairly  regarded  as  still  9vh  judice.  During  the  last  three 
Mtrs  I  have  from  time  to  time  visited  the  pit,  and  purpose  to  lay 
»foTe  the  Society  the  conclusions  at  which  I  have  arrived,  from  re- 
lated comparison  of  the  rival  theories  with,  the  sections  exhibited 
iring  the  progress  of  the  works. 

The  pit  is  an  irregular  excavation  with  its  longer  diameter  lying 
(Qghly  East  and  West,  its  shorter  North  and  South.    Thi^  i!k!CstWi^T\^ 

t  Mr.  'Fiabsr^B paper  was  printed  subeeqaently,  Yol.  ^V .  p.  4^1 . 
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side  shows  a  cliff  of  nearly  horizontal  Kimmeridge  Clay,  which  it 
the  western  end  is  capped  by  a  little  Upper  Neocomian,  gen^allj 
more  or  less  disturbed.  A  small  fitep,  some  three  feet  high,  may  be 
observed  here  in  the  Kimmeridge  Clay,  marking  probably  acme  in- 
equality in  the  process  of  erosion.  This  Kimmeridge  Clay  extendi 
about  half-way  round  the  western  end  of  the  pit,  and  we  then  find 
a  fine  exposure  of  Boulder-clay,  the  junction  of  the  two  being 
indicated  by  springs,  but  masked  by  boggy  talus  oveiKrown  wiik 
brushwood.  Near  the  south-western  angle  we  again  come  upon  tho 
Upper  Neocomian  sands ;  then  we  have,  sifter  an  interval  of  broken 
ground,  a  little  Chalk,  Upper  Greensand  with  phosphatic  nodnlei, 
Gault,  some  Boulder-clay,  and  Kimmeridge  Clay,  which  forms  tiie 
greater  part  of  the  southern  wall  of  the  pit.  Finally,  on  the  easten 
side  we  have  Boulder-clay,  Gault,  Upper  Greensand,  Chalk,  ai 
before,  and  theil  an  opening.     The  annexed  sections  (Figures  1-4) 

Sections  of  Pit. 


Fio.  I. 


Fio.  II. 


lZI 


Fio.  III. 


Fio.  IV. 


Por  explanation   of  reference   numbers  see  Fig  5.     In  Figs.  1-3  the  sectioas 
commence  on  the  southern  side  and  do  not  extend  across  the  whole  pit. 

will,  I  hope,  make  this  above-mentioned  strange  succession  of  beds 
more  intelligible  than  a  long  verbal  description.  They  relate  to 
three  portions  of  the  pit : 

(1).  The  south-western  comer,  Fig.  4. 

(2).  The  middle  of  the  southern  side,  Figs.  2  and  3. 

(3).  Tlie  south-eastern  comer.  Fig.  1. 

On  the  eastern  face  of  the  angle  which  terminates  fhe  cliff  of 
Boulder-clay  we  have  at  the  top  a  mass  of  Gault  about  seven  feet 
thick.  Its  bedding  appears  to  dip  (but  this  is  very  faint)  towards 
the  left  and  into  the  cliflf.  Tlie  mass  is  leather  cracked,  and  shows 
internal  slickensides  in  two  directions;  one,  to  some  extent  parallel 
with  its  lower  boundary,  the  other  roughly  vertical  and  at  right 
angles  with  the  surface.  It  contains  many  phosphate  nodules  and 
fossils,  Perna,  BelemniteSy  etc.  The  Boulder-clay  dips  clearly  under 
this  (as  shown),  and  exhibits  a  faint  stratification  parallel  with  its 
surface,  for  some  depth.  The  uppermost  layer  is  very  chalky,  like 
§ome  of  those  below,  and  Wie  ^mcI^^j^  ^qi^^  ^vck&T^ides.     Its  left 
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Temity  i&  covered  by  a  talus.  Two  or  three  yards  to  the 
mother  smaller  mass  of  Gault,  appareiUJy  disconnected  smd 
in  Boulder-clay  (possibly  re-arranged).  This  rests  with  an 
•  base  on  brown  (Neocomian)  sand,  and  the  upper  part  of 
1  is  full  of  small  flattened  nodules  of  soft  clay  with  car- 
is  markings  and  fragments  of  shells^  resembling  some  of  the 
lays.  These  soft  sands,  after  about  a  couple  of  feet,  rest  on 
o  and  hard  conglomerate-  of  small  pebbles.  The  whole 
JO  dip  sharply  towards  the  pit-floor,  and  I  believe  has  slipped 
)m  above. 


Gault. 


Boulder-clay. 


1 


3f  then  this  section  gives  us 
we  suppose  that  the  second 
t  of  Gault  became  detached 
3  first  during  the  possible 
jement  of  the  neighbouring 
olay,  and  that  the  Gault 
€omian  are  dipping  in  tho 
•action  and  conformable, — 
do  not  believe)  a  reversed  Neocomian. 
about  45°,  bringing  the 
clay  under  the  Gault  and 
an:  as  shown  in  the  an- 
iagram,  which  is  drawn  as 
he  cliflF. 

ig  along  grass-grown  talus  on  the  south  side  of  the  pit,  we 
too  much  masked  to  make  out  clearly  the  relations  of  its  com- 
trata.  There  is  much  Neocomian  rock  scattered  about,  and  the 
of  the  bank  shows  that  clay  is  very  nq^r  the  surface.  Some 
it  any  rate  near  to  where  a  small  mound  of  white  earth  may  be 
Qce  of  the  former  presence  of  Chalk -marl)  is  probably  Gault. 
aen  come  to  a  spur  projecting  from  the  south  side  of  the 
re  the  Chalk-marl  is  still  left ;  and  discover  below  it  the  Upper 
nd  seam,  with  the  Gault  in  sequence  (phosphate  nodules  and 
and  beyond  this  Upper  Neocomian  resting  apparently  on 
idge  Clay.  I  have  repeatedly  examined  this  section  (Fig.  3) ; 
n  comparison  of  my  notes  and  drawings  have  come  to  the 
g  conclusions: — That  the  Kimmeridge  Clay  just  at  this 
not  horizontal,  but  dips  into  the  pit  at  an  angle  of  some  15 
that  the  Upper  Neocomian  beds  which  dip  at  much  the  same 
3  disturbed,  shattered,  and  to  some  extent  mixed  with  Boulder- 
at  the  Gault  is  not  conformable  with  the  former,  but  that 
3  of  junction  dips  at  an  angle  of  not  less  than  60°^  and  that 
re  is  not  quite  the  same;  that  the  Kimmeridge  Clay  and 
an  beds  have  come  into  this  position  by  slipping  down  from 
3  the  clay  in  the  wall  of  the  pit  is  horizontally  stratified, 
ver  these  beds  were  brought  into  their  present  position  by 

rther  proof  were  needed,  I   found  on  one  occasion  a  mas»  of  chalky 
ay,  some  two  feet  in  diameter,  included  in  the  Kimmend^e  (j\».^>*V3&V>  ^^"^^ 
f  the  pit. 
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fault iii^,   ft^HjomiMinieil  by   a  dragging  down    near    the    fault,  n 
onliiiary  '*  downthrow"  would  be  required  here,  not  a  reversed  &dt 

rusKiug  eastwards  along  the  wall  of  Kim meridge  Clay,  we  now  and 
thou  notice  a  slight  appearance  of  dragging  down,  which  of  ooum 
wouhl  Ih'  ooni])atihlo  with  either  a  fault  or  a  lino  of  old  cliffs,  from 
which  tsAxyis  had  taken  place  on  to  the  bed  of  a  valley  ;  bat  as  the 
K'ds  forming  the  1ivH>r  of  the  pit  show  no  traces  of  any  disturbance. 
I  oouAidor  this  as  no  evidence  for  the  fault  hypothesis.  At  the  south- 
east iiiii^lo  wo  havo  the  seijuence  represented  in  Fig.  1.  Beginning  at 
N.  cud.  tho  Lower  Clialk.  marly,  and  showing  traces  of  bedding,  ili^ 
liuotl Y  di|>s  at  an  angle  of  about  80^  to  N.,  the  Upper  Greeusand  with 
p:;K>*l'hAto  Uvvlulos  and  oharactoristic  fossils  is  in  its  usual  place  l>elow. 
a;; J.  the  iiault  wiUi  many  phosphationoilules  and  fossils)  below  tha:; 
.)  CO*  :'UH  ^W  lix^hhUr-chiy  di^tfinctlp  dijts  under  it  at  ahotU  the  tarn 
,«s,;;..  Here  then,  if  there  be  a  fault,  we  have  a  still  more  sin- 
>;-.:t.tr  oa^jo  of  a  reversal.  The  Boulder-clay,  on  the  occasion  of  mx 
\\<  \:sic,  showed  most  singular  contortions,^  various  cludky  and 
N  .••vlv  layers  being  crumpled  up  in  the  strangest  manner.  The  clay 
.;  :\.c  southern  end  is  full  of  blocks  of  Neocomian  sandstone,  whick 
tu>m  their  position  have  evidently  slipped  from  above.  Mr.  Seelej's 
jKvtiiMi  of  this  end  of  tlio  pit  (Geol.  Mao.  Vol.  V.,  p.  348)  is  certainly 
wr^nig;  the  Brown  hiukI  which,  with  superjticent  Gault,  he  brings 
down  between  thn  Kimnieridge  Clay  and  Boulder-clay  at  the  S.  corner 
is  not  in  situ,  1)!it  has  fallen  from  above.  I  have  no  doubt  on  this 
point,  as  1  have  watched  the  section  for  nciirly  four  years,  and  seen 
that  tlio  NtwK-oinian  stratum  was  merely  a  numl>er  of  boulders  include-.! 
in  the  clay,  and  on  the  last  occasion  almost  all  of  them  had  been  a'- 
moved.  I  can  only  explain  the  mode  in  which  tliesc  blocks  ocoiir 
by  supposhig,  tliat  before  and  during  tlie  accumulation  of  the 
Boulder-clay,  there  was  nearly  along  the  line  of  the  south  side  oi 
tlie  pit  a  cliff  or  Iwuik  of  Kimmeridgo  Clay,  capped  by  Xeocomian 
rock,  from  whicli  fnigments  slipped  and  fell. 

We  will  now  turn  back  a  short  distance.  About  a  year  ago  I  wa.* 
fortunate  enough  to  see  a  large  i>ortion  of  tlie  pit-floor  in  tlie  south- 
east comer  laid  bare  (which  is  now  converted  into  a  pond).  This 
showed  me  the  Gault  resting  on  the  Boulder-clay,  and  the  latter  in 
apposition,  as  described  above,  with  the  Kimmeridge  Clay,  without 
tlie  intervention  of  any  Neocomian  sand.  1  also  saw  a  Lirge  fragment 
(several  cubic  feet)  of  Kimmeridgo  Clay  included  in  the  Boulder-clay 
near  the  south-east  comer.  On  examining  the  floor  of  this  new  ex- 
cavation, I  found  tliat  tlie  Kimmeridge  Clay  and  the  Gault  gradually 
approached  one  another,  so  that  at  about  60  paces  from  the  end  of 
the  pit  they  met,  as  represented  in  Fig.  2 ;  this  might  still  be  seen 
when  I  was  last  there,  in  a  bank  wliich  had  been  left  for  a  dam. 
Laying  down  the  results  of  these  four  sections  (Figs.  1 — i)  on  the 
sketch-plan  (which  does  not  pretend  to  be  much  more  than  a  diagram, 
the  form  of  the  pit  being  very  irregular  in  its  minuter  detiiils),  and 

^  This  cnuhing  appeara  very  local,  because  on  other  occasions  it  wa«  far  les 
rked ;  and  I  do  not  regard  it  as  in  any  way  Indicatiyc  of  a  fault,  rather  8uch  i-^ 
it  be  canied  by  moltmg  of  uidu<i<iA'\cft-\A.vw^  oxVysiSiwiXxXeisMiuu. 


l!f :  T.  G.  nouHc.j—0,i  tia-  llo-^hjn  UlU  Cl.uj  I'ii.       IM? 

•Muming  for  a  moment  the  'fault'  hypothesis,  ive  have  the  results 

PMDToBented  in  Fig.  6.     Tha  courae  of  the  fault  (F*)  is  conjectural, 
iaa  part  of  the  pit  is  under  water.     Yet  with  all  this  strange 
ble,  the  Kimmeridge  Clay  on  either  side  of  the  pit  is  undifltnrbed 
aa  nearly  as  possible  horizontal  1 
■V-  Pio.  Y.     (Plu.  aw  Pit  Floo*) 
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BsH-UfiTiair.— 1.  Boalln  CI117.    1,  Cbilk.    i.  Upiicr  OmnHOd.    4.  Giuilt.    i.  Neooomiaii, 
fl.  Klmiurldgi  CIbt.    Vbe   dotud  Unm  reprtnent  tb«e  pirta    of  tbe  oaterop  of   the 

CBCtiDiu  of  tbe  dAreicnt  bedi  on  tbe  pit  Soor,  wbich  cumat  be  eiuUy  roUowed.    Tbe 
tcrnl  betveen  A  B  ind  C  0  li  sVont  U  pun,  ud  tba  ume  diiUnee  ii  between  C  D 
ud  E  F.    F,  Fnolt.    B.P,  Herened  Fult.  Tbe  fectiou  ue  not  dnirn  to  Kale. 

Snpposing,  however,  that  the  irregular  occurrence  of  the  Neoco- 
mian  beds  is  due  to  denudation  before  the  deposition  of  the  Gault, — 
mpposiDg  that,  owing  to  a  north-easterly  dip  (which  is  quite  compati- 
ble with  the  facts),  the  Chalk  disappeared  juat  before  reaching  the 
SoutJi'West,  and  the  Gault  widened  out  in  the  same  direction,  so  as  to 
oapall  the  space  from  X  to  T :— supposing,  in  a  word,  every  possible 
■implifioation  (that  I  can  conceive)  introduced — still  a  section  taken 
atnroes  the  line  E  L  will  give  ua  the  collocation  represenled  in  Fig.  6, 
in  which  the,  direction  of  the  arrow  indicates  the  '  throw.' 

I  oonclnde,  therefore,  that  this  arrangement  is  so  extraordinary 
that  it  renders  the  &ult  theory  in  the  highest  degree  improbable. 
We  are  accordingly  driven  to  consider  this  mass  ot  Cretaa«Qaa  twiW, 
as  either  dipped  iram  above,  or  dropped  as  aboiAdL^i  ol  &  ^ki^-o.'oa  «sia 
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into  a  pre-existing  valley.  Though  no  doubt  there  have  been  slipi 
from  tlio  cliiTB  on  the  south  bank  of  this  valley,  I  do  not  think  that  we 
am  very  well  explain  the  position  of  tliis  mass  of  Chalk.  especiAllj 
at  the  south-east  comer,  on  the  first  of  these  theories.  Moreover,  I 
do  not  tliink  that  we  anywhere  find  the  Grault  conformable  with  the 
Neoconiian  sands  ;  the  former  appears  to  me  to  be  of  variable  thick- 
ness, and  to  be  merely  the  base  of  the  great  fragment  to  which  it 
is  attached,  seeing  that  it  rests,  now  on  Boulder-clay,  now  on  Kim- 
moridge  Clay,  now  on  (disturbed)  Neocomian  sand. 

But  it  may  be  said  there  is  no  precedent  for  such  a  huge  tnuos- 
ported  mass.  Mr.  Seeley  ridicules  the  idea  (Gkol.  Mao.,  Vol.  V., 
p.  347) ;  although  he  quotes  in  a  former  paper  (Gbol.  Mag.,  VoL  L, 
p.  150)  a  case  of  a  very  large  mass  of  Chalk,  180  feet  long,  indnded 
in  the  Boulder-clay  of  Norfolk.  Mr.  Fisher  also  (Qeol.  Mao.,  YoL 
v.,  p.  409)  mentions,  without  measurements,  some  other  masses  whidi 
are  evidently  very  large.  But  in  the  Quiurt  Joum.  GeoL  Soc.,  voL 
ix.,  Prof.  Morris  describes  a  boulder  in  the  Lincolnshire  drift  (which 
according  to  his  account  much  resembles  tliat  at  Ely,  even  to  its 
showing  traces  of  stratification  and  an  upper  and  lower  division) 
in  the  following  words  (p.  320)  : — "  Emerging  from  tlie  soath  end 
of  the  tunnel  on  the  Great  Northern  Railway,  which  is  880  yards 
long,  we  see  the  drift  on  either  side  of  the  cutting,  buoying  np  an 
enormous  irregular  mass  of  Oolitic  rock,  through  which  the  catting 
lias  passed ;  this  mass  is  430  feet  long,  and  at  its  deepest  |)art  30  feet 
thick."  lie  sa^'s,  "that  the  bods,  though  broken  and  disturbed, 
retain  to  some  extent  their  relative  positions,  and  belong  to  the  lower 
])art  of  tho  Oolitic  rocks  of  the  district."  And  this  statement  Prof. 
liiuiiHay  indoreos  (Quart.  Joum.  Geol.  Soc,  vol.  xx\T[i.,  p.  252), 
(ialling  tho  boulder  380  yards  in  length ;  stating  also  that  Mr.  Judd 
han  diMcovercd  large  masses  of  erratic  marlstone,  and  that  Prof. 
Goikif^  is  of  opinion  that  tho  Lias  of  Linksfield  is  also  an  erratic. 

Ifoiioo  tho  boulder  theory,  startling  as  it  may  seem  at  first  sight, 
appears  to  mo  to  present  far  less  difficulty  than  that  which  accounts 
for  tho  })honomena  by  a  series  of  faults.  The  facts  which  I  have 
brought  forward  are  in  my  opinion  very  strongly  in  favour  of  Mr. 
Fisher's  hypothesis ;  and  my  only  excuse  for  bringing  the  subject 
under  the  notice  of  the  Society  is  that  as  left  by  him  it  was  rather  an 
hypothesis  than  a  demonstration ;  more  facts  were  wanted,  and  these 
time  has,  1  hope,  enabled  me  to  supply.  To  sum  uj)  briefly,  the 
question  now  stands  thus : — (1)  Either  there  are  faults — this  I  have 
tried  to  show  is  all  but  impossible ;  or  (2)  there  has  been  a  landslip 
from  a  Chalk  cliff  overhanging  a  valley  in  the  Kimmeridge  Clay,  and 
the  Chalk  once  on  Roslyn  Hill  has  since  been  denuded  away ;  or 
(3)  the  mass  is  an  included  Boulder,  and  has  been  brought  to  its 
present  position  on  an  ice  raft.  I  think  the  facts  accord  best  with 
this,  and  that  there  is  no  fourth  hypothesis  probable.  The  only  point 
on  which  I  differ  from  Mr.  Fisher — and  it  is  a  very  small  one — is  that 
I  think  the  valley  existed  before  the  great  boulder  arrived,  and  was 
l^ot  ploughed  out  by  the  keel  of  its  icy  ship. 
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By  Prof.  A.  £.  Nordenskiold. 
Foreign  Correspondent  Geol.  Soc.  Lond.,  etc.,  etc.,  etc. 

Part  in, 
{Continued  from  page  368.) 

BEFOEE  proceediDg  to  give  an  account  of  these  changes  in  the  fauna 
of  Greenland,  I  wish  to  draw  attention  to  the  possibility  which 
exists  in  these  parts  of  obtaining  a  comparison  between  the  units  of  geo- 
logical and  historical  chronology,  that  is — if  by  collecting  observations 
and  reports  from  many  different  localities,  it  be  possible  to  determine 
certain  limits  for  the  velocity  with  which  the  border  of  the  inland  ice 
moves.  One  may  arrive  at  the  lower  limit  from  the  following  con- 
siderations. The  breadth  of  the  slip  of  border-land  at  Auleitsiviks- 
Qord  is  about  60  miles,  or  350,000  ft.  The  annual  retreat  can,  of 
course,  never  exceed  the  thickness  *  of  the  covering  that  yearly 
melts,  divided  by  the  sine  of  the  inclination  of  the  icy  surface,  which  in 
the  places  passed  by  us  was  nowhere  less  than  30^.  It  is  hardly 
probable  that  during  a  summer  in  Greenland  an  ice-layer  of  more 
than  10  ft  can  melt  away,  so  that  a  yearly  retreat  exceeding 
g^^  =  20  ft,  is  not  to  be  thought  of.  This  would  give  for  the  time 
that  has  been  required  for  the  uncovering  of  the  outer  strip  of  land 
at  Auleitsviksfjord  a  period  of  at  least  17,000  to  18,000  years.  But 
this  number  is  evidently  too  low,  for  neither  the  yearly  falls  of 
snow  nor  the  advance  of  the  ice-mass  has  been  taken  into  account, 
as  they  of  course  ought  to  be ;  and  yet  we  have  here  to  do  with 
a  geological  period,  which  undoubtedly  forms  but  a  small  fraction 
of  tlie  interval  that  has  elapsed  since  the  first  appearance  of  man. 

The  point  at  Sarpiursak  forms  a  very  level  and  extensive  plain, 
elevated  about  60  to  150  feet  above  the  sea,  covered  with  a  vegetation 
of  '*  lyng,"  moss  and  sedge,  too  scanty  to  conceal  the  clay  which 
forms  the  bottom  of  the  plain.  Similar  formations  in  many  other 
places  along  the  shores  of  Disko  Bay  and  Auleitsiviksfjord  have  given 
rise  to  vast  clay -beds,  which  attracted  attention  long  ago  in  these  parts 
so  ill  supplied  with  clay.  Our  Greenlanders  even  mentioned  that  they 
contained  petrified  shells  and  **  Angmaksater  "^  (a  species  of  fish). 
These  fossils  are  also  mentioned  by  Dr.  Kink  in  his  work  on  North 
Greenland ;  and  he  adds,  that  a  collection  which  he  had  sent  home 
had  been  examined  by  Dr.  0.  A.  L.  Morch,  who  found  the  shells 
partly  to  belong  to  species  still  existing  on  the  coasts  of  N.  Greenland, 

^  Estimated  at  right  angles  to  the 
surface  of  the  ice.  The  annexed  cut 
shows  this  more  clearly.  If  G  is  the 
surface  of  the  ice  in  e.g,  1870,  G'  and 
the  same  surface  in  1871,  then  AG' 
is  the  thickness  of  the  layer  that  has 
melted;  and  the  distance  the  ice  has 
receded  is=AG':  Sin  Y.  The  angle 
V  is,  of  course,  determined  hy  Uie 
relation  between  the  Telocity  of  melt- 
ing and  the  Telocity  with  which  the  ice  flows  out  of  the  ^\g\iQt  ^«.iVe  qI  ^<^  ^gASsv»(. 
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partly  to  more  southern  forms.  As  the  collection  of  materials  fat 
forming  a  judgment  relative  to  the  changes  in  the  climate  of  the 
polar  regions  was  one  of  the  principal  objects  of  the  purely  scientific 
part  of  our  expedition,  it  was  natural  that  we  should  pay  especial 
attention  to  these  circumstances. 

Older  glaciaP  fossils  occur  in  N.  Greenland  in  two  different  forma- 
tions, namely,  either  imbedded  in  clay  (the  layers  south  of  Waigat), 
or  else  at  Pattorfik  in  a  somewhat  hardened  basalt  sand  in  course  of 
transformation  to  basalt  tufa.  The  material  of  the  clay -beds  has 
evidently  been  deposited  by  the  glacier  rivers  whose  muddy  water 
everywhere  bursts  out  from  under  the  inland  ice,  but  in  general  the 
deposits  are  sea-formations,  i.e.  they  have  been  deposited  under  the 
level  of  the  sea,  which  proves  that  these  regions,  in  the  course  of 
the  present  glacial  period,  have  been  elevated  at  least  100  feet  The 
Danes,  on  the  other  hand,  who  have  long  resided  in  Greenland, 
declare  most  decidedly  that  a  depression  is  now  taking  place  in  most 
parts  of  the  country.  Herr  Einar  Hansen,  who  has  for  19  years 
lived  in  the  colony  of  Omenak,  says  that  even  in  that  short  period 
he  has  clearly  seen  this  ;  and  it  is  still  more  evident  when  we  com- 
pare the  present  sea-level  with  the  statements  left  by  Herr  Hansen's 
predecessor  relative  to  its  height  60  years  ago.  The  situation  of  the 
blubber  house  at  Fredrickshaab,  as  well  as  many  other  observations 
in  South  Greenland,  shows  the  same.  At  Gk>dhavn,  in  Disko,  on  the 
contrary,  a  rise  is  said  to  be  taking  place.  It  would  be  an  important 
service  if  these  circumstances,  to  which  atteiltion  has  been  called  by 
Pingel,  Brown,  and  othera,  were  fully  investigated  by  an  accurate 
and  critical  collection  of  all  data  relating  to  the  subject ;  as  also  by 
fixing  proper  bench-marks  in  appropriate  spots  among  the  skerries 
along  the  coast  of  Greenland. 

Just  as  the  glacial  clay  at  the  present  time,  covered  with  muddy 
water,  is  poorly  supplied  with  animal  life,  so  also  do  these  clay  layers 
deposited  in  ancient  times  present  but  a  scanty  variety  of  fossils. 
In  the  clay-beds  at  Auleitsiviksfjord,  for  example,  we  could  only 
find  a  few  shells  of  Saxtcava  arcticay  and  in  the  deep  clay-beds  of 
Sarpiursak  we  at  first  sought  in  vain  for  any  remains  of  animal  life. 
These  were,  on  the  contrary,  very  numerous  on  the  sea-shore  itself, 
partly  sliells  of  bivalves  still  united,  inclosing  and  often  inclosed 
in  a  hardened  mixture  of  sand  and  clay,  accordingly  genuine  fossils, 
partly  flat,  often  ringshaped  claystones,  containing  remains  of  Fish, 
Ophiura?,  Crustaceae,  etc.  That  fossils  should  be  found  there  in  great 
numbers  is  easily  understood,  for  the  sea  is  constantly  washing  away 
again  a  clay  bank  of  60  feet  high,  and  in  tliis  process  of  course  larger 

^  Of  course  one  finds  in  many  places,  at  about  the  level  of  the  sea,  modem  deposit*, 
with  sub-fossil  shells,  identical  with  forms  now  living.  From  these  formations  those 
of  which  we  arc  now  speaking  differ,  by  the  great  age  of  these  latter,  and  a  very 
different  tj-pc  of  the  shell- remains  found  therein.  This  is  especially  the  case 
with  the  shell-deposits  at  Pattorfik,  which  appear  to  me  to  belong  to  the  earliest  part 
of  the  glacial  period  of  Greenland.  A  verj'  considerable  but  lately  formed  bank  of 
f>hell-earth,  witn  bones  of  Whales  and  Walruses  altcrnatiug  with  beds  of  sea-weed, 
occurs  at  Saitok,  at  the  mouth  of  Diako-fjord.  Unfortunately  we  had  only  time 
**  iurcBtigate  it  cursorily. 
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objects  (fossils  and  claystones)  are  left  on  the  shore.  But  even 
here  the  fossils  met  with  in  the  clay  itself  are  but  few.  The  clay- 
stones  on  the  contrary  form  a  separate  layer,  in  which  they  are 
heaped  close  together.    Similar  fossils,  together  with  a  few  Gkustero- 

pods,  were  collected  by  Dr.  Oberg  at  the  foot  of  a  clay-bank.  South 
Leerbugt,  near  Claushavn. 

The  fossils  at  Pattorfik  were  large  and  with  thicker  shells.  They 
Bire  found  at  a  height  of  from  10  to  100  feet  above  the  sea-level, 
imbedded  in  greyish  green  basalt  sand,  in  part  hardened  into  basalt 
tufa.  This  is  especially  the  case  in  the  neighbourhood  of  shells,  and 
accordingly  they  were  most  easily  discovered  by  breaking  up  the 
hard  round  nodules  that  are  imbedded  in  the  rest  of  the  mass.  These 
nodules  are,  however,  often  so  hard  and  tough,  that  they  cannot  be 
broken  up  with  an  ordinary  hand  hammer.  Besides  these  the  basalt 
tufa  contains  large  rolled  blocks  of  stone,  indicating  that  at  the  time 
of  the  formation  of  these  layers,  a  glacial  period  had  already  prevailed 
in  these  regions. 

The  fossils*  brought  home  by  us  from  these  parts  have  been 
dzamined  by  Professor  S.  Lov^n,  who  gives  the  following  list  of 
them. 

SuBFossiL  Species  or  Animaxs  collected  in  Gseenlind  dubtno  the 

Expedition  of  1870. 


Mya  truncata,  L. 

Mya  arenaria,  L 

*Cyrtodaria  aiUqtWy  Spgl.    ... 

Saxieava  aretiea,  L 

*S,  Norvtgiea  Spot 

Lyontia  arenosOj  Moll. 

Tellina  sabuiosoy  Spgl. 

T.  imuoy  Leach 

Astarte  eorrttgatay  Br. 

A.  ellipticUy  Br 

A,  striata^  Leach       

Cardium  Jslandieum,  Cbem. 

C.  Orttnlandieumy  Chem.    ... 

Ledapemulay  M 

Yoldia  truneatOy  Br 

F.  hyperb^reay  LoY^n. 

Mytiius  edulis,  L 

Feeten  lilandiettSy  L 

Tritonium  undulatumy  Moll. 

T.  Gronlandieum,  Obem.   ... 

T.  hydrophanuniy  Hancock 

Natiea  clausUy  Sow 

Idothea  Sabinei,  Kroyer     ... 


Teninr- 

Pattorfik 

Sarpiorsak  Leerbugt 

sarsoak. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

All  species  still  linng  in  the  Arctic  Seas.    Those  marked  with  *  are  called  **  fossil " 
bj  Dr.  Hink — perhaps  not  found  living  in  the  Greenland  waters. 

After  passing  some   time   at   Sarpiursak   in  collecting  fossils, 
we  removed  to  Christianshaah,  and  thence  onward  to  Leerhugten, 

^  Erantz  in  his  work  speaks  of  fossil  shells  at  Godthaab,  toKxcK  are  vtfAnKeT«  tU^ 
fimnd  in  then  parts. 
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south  of  Claasbavn.  By  mean^  of  certain  arrangements  made  by 
the  Inspector,  we  were  enabled  to  make  a  particularly  interestiDg 
tour  inland,  to  the  extremity  of  one  of  the  largest  ice-Qords  hi 
Greenland — the  ice-Qord  of  Jakobshavn. 

This  Qord  is  found  inserted  on  very  early  maps  of  Greenland, 
though  generally  as  a  soimd  uniting  the  North  Atlantic  -with.  Baffins 
Bay.  It  is  now  known  that  the  supposed  sound  is  only  a  deep 
fjord,  filled  throughout  its  whole  length  with  huge  icebergs,  wbic^ 
completely  close  the  fjord,  not  only  to  ships,  but  also  to  whale-boats 
and  umiaks,  nay,  even  to  kajaks  (canoes).  The  shores  of  the  Qord 
are  therefore  uninhabited,  and  seldom  visited.  A  tradition  exists 
among  the  Greenlanders,  that  the  fjord  was  in  former  times  less  ob- 
structed by  ice,  and  was  consequently  a  good  hunting  and  fiahing  place; 
and  this  is  confirmed  by  the  older  maps  of  the  fjord,  but  especially 
by  the  numerous  remains  of  old  dwellings,  which  are  still  met  wi^ 
along  the  shores,  not  only  of  the  principal  Qord,.  but  of  its  southern 
arm,  Tessiursak,  now  completely  barricaded  by  icebergs  and  inacces- 
sible from  the  sea  (not  to  be  confounded  with  the  fjord  Tossiursarsoak 
which  we  had  just  left).  Tessiursak  itself  is  still  tolerably  free  from 
ice,  and  is  easily  reached  by  dragging  an  umiak  over  the  point  which 
separates  the  western  shore  of  Tessiursak  from  the  ocean.  For  such 
a  purpose,  however,  a  traveller  must  take  his  umiak  with  Mm,  partly 
because  he  cannot  obtain  any  boat  at  the  now  deserted  Tessiursak 
partly  because  about  half-way  over  the  point  he  meets  with  a  lake, 
to  go  round  which  would  be  a  considerable  circuit. 

On  our  arrival  at  Leerbugten,  we  found,  in  consequence  of  the 
Inspector's  excellent  arrangements,  a  Greenland  family  there  to 
meet  us,  and  tlie  woman's  boat,  or  "  umiak,"  lay  drawn  up  upon  the 
shore.  The  journey  over  the  point  was  immediately  commenced. 
Six  men  took  the  roomy  umiak  upon  their  shoulders,  others  took  our 
instruments,  provisions  for  us  and  our  people  for  two  days.  The 
way  was  taken  first  over  a  highland  ridge,  which  separates  the  sea 
from  the  lake,  on  the  shore  of  wliich  the  Greenlanders  had  pitched 
their  summer  tent.  Here  wo  rested  awhile,  and  tried  the  temperature 
of  the  water  (12°  Contigr.),  by  a  bathe  in  the  lake,  to  the  great 
astonishment  of  the  Greenlanders.  We  then  rowed  over  the  lake  in 
the  umiak,  took  it  up  and  carried  it  on  our  shoulders  over  another 
point,  steeper  but  shorter  than  the  former,  and  clothed  just  at  this 
time  in  all  the  colours  that  the  Flora  of  the  extreme  north  can 
offer.  On  the  other  side  of  this  point  was  water  again,  not  however 
fresh,  but  salt — it  was  the  above-mentioned  southern  arm  of  Ja- 
kobshavn  ice-fjord.  The  umiak  was  again  launched,  and,  after 
a  row  of  a  few  hours,  interrupted  by  hunting  after  young  sea- 
gulls, we  reached  the  spot  where  Tessiursak  falls  into  the  main  ice- 
fjord  very  near  its  inner  extremity.  Here  the  water  that  was  free, 
or  nearly  free  from  ice,  terminated,  and  we  had  to  make  our  way 
along  the  southern  shore  of  the  ice-fjord  for  a  distance,  not  indeed 
long,  but  dangerous,  on  account  of  the  masses  of  ice  driven  hither 
md_  thither  by  the  violent  currents  near  the  shore. 

■~*her  out  the  fjord  was  oomp\e>\«i\.^  coN^i^d  with  lofty  sharp- 
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nted  icebergs,  some  of  which  stood  so  firmly  on  the  ground  that 

t  stream  could  only  move  them  at  flood-tide.     Others,  which  did 

i  draw  so  much  water,  were  carried  hither  and  thither  by  the 

Tents,  and  it  is  difficult  to  describe  in  words  the  deep  booming  and 

aping  which  took  place  when  these  were  driven  against  each 

er  or  on  the  still  mightier  masses  aground.    A  loud  report  some- 

les  gave  notice  of  the  splitting  of  an  iceberg,  which  was  usually 

Lowed  by  a  violent  undulation  reaching  to  the  shore,     tt  is  not 

prising  that  the  Greenlanders  do  not  like  to  make  long  voyages 

such  waters.     Neil^er  did  we  long  continue  our  row.     Just  on 

other  side  of  a  headland  formed  by  a  high   steep  gull-hill, 

'dering  the  mouth  of  Tessiursak,  were  the  remains  of  an  old 

ise,  which  formed  the  terminus  of  our  journey.     Here  we  rested 

the  night,  and  returned  next  day  by  the  same  route  by  which  we 

I  come.     We  employed  our  time  partly  in  an  examination  from 

tops  of  the  neighbouring  hills  of  the  vast  iceberg- factory  that 

at  our  feet,  and  partly  in  a  careful  investigation  of  the  remains 

the  dwellings  left  desolate  for  a  oentury,  perhaps  many  centuries, 

ere  we  now  rested. 

[  have  already  given  a  profile  of  the  contour  of  this  glacier,  from 
ich  it  may  be  seen  that  it  is  impossible  to  draw  any  definite  Kne 
boundary  between  the  inland  ice  and  the  sea.  The  glacier  is  in 
t,  as  its  profile  indicates,  to  a  considerable  distance  up,  probably 
eral  miles  from  its  border,  broken  up  into  icebergs,  the  original  situ*- 
)n  of  which  has,  by  the  continual  advance  of  the  ice,  been  entirely 
turbed,  so  that  they  are  thrown  in  confusion  one  over  the  other, 
en  at  the  month  of  the  fjord  these  icebergs  are  as  closely 
;ked  as  when  they  formed  a  part  of  the  glacier,  and  most  of  them 
haps  always  aground.  It  is  not  till  a  considerable  distance 
ther  on  that  they  are  separated  from  each  other,  so  far  at  least 
to  allow  the  surface  of  the  water  to  be  seen  between  them. 
Bven  if  there  had  been  time  to  take  topographical  measurements, 
vould  not  have  been  possible  for  me  to  state  how  many  hundred 
xls  ihe  situation  of  the  house  we  now  visited  lies  from  the  spot 
ere  the  fjord  and  inland  ice  meet.  What  is  certain  is,  that  at  pre- 
it  the  distance  is  not  very  great,  and  the  appearance  of  the  environs 
st  have  been  very  different  when  Kaja — such  is  said  in  former 
les  to  have  been  the  name  of  the  locality — was  an  inhabited  place, 
at  it  was  so  for  a  long  period  is  shown  by  the  magnitude  of  the 
ohenmiddens,  and  by  the  number  of  remains  of  houses  and  of 
ives.  Also  either  the  level  of  the  water  in  the  fjord  has  risen  or 
)  land  sunk  considerably  since  that  time.  It  is  not  in  fact 
»bable  that  the  situation  of  a  house  would  be  chosen  so  close  to 
shore  that  not  even  a  canoe  could  find  room  in  front  of  the 
elling. 

^s  a  Greenlander  now  seldom  resides  at  any  distance  from  the 
nish-trading  stations,  one  finds  in  numberless  places  along  the 
st   old  deserted  dwelling-places.     They  are  recognizable  at  a 
tance  by  the  lively  verdure,  arising  from  the  rich  -^i^^^aXKaxL^ 
ich  the  remnants  of  fishing  and  hunting  i^x^^  EOftXXj^x^T^xoAHhx^ 
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cottages  or  tent»  has  prodaced.  On  taking  a  few  spadefuls  of  earth, 
or  on  examining  the  walls  of  the  new  houses, — generally  built  with 
turf  taken  from  these  spots, — one  everywhere  finds  the  earth  and 
grass-roots  mixed  with  the  bones  of  the  animals  which  the  Green- 
landers  hunt  The  animals  killed  by  the  men  are  in  fact  cleansed  by 
the  women  beside  or  in  the  cottage  itself,  and  the  refuse  after  the 
cleansing  or  the  meal  is  thrown  away — seldom  far  from  the  cottage- 
door.  Even  now,  in  the  course  of  years,  a  heap  is  frequently  oollecied 
as  truly  circular  as  if  it  had  been  drawn  with  a  pair  of  oompaasei 
round  the  door  as  a  centre.  On  examining  its  contents,  it  is  found  to 
consist  of  a  black,  fat  earth,  formed  of  decayed  refuse — ^frequently 
bits  of  bone  gnawed  asunder  and  broken,  shells,  especially  those  <^ 
MytiluSy  lost  or  broken  household  goods,  etc.  This  bone-mixed  earth 
most  likely  contains,  like  guano,  not  only  considerable  quantities  of 
phosphoric  acid,  but  also  ammoniac  salts,  and  it  may  happen  that 
the  trade  of  Greenland  may  find  in  this  a  valuable  article  of  expoit 

As  the  kitchenmidden  dates  from  the  Stone-age  in  Greenland,^ 
which  undoubtedly  extended  beyond  the  epoch  at  which  the  whalers 
first  began  to  visit  these  coasts, — we  find  in  it  points  of  arrows,  skin- 
scrapers,  and  other  instruments  of  various  kinds  in  stone,  and 
especially  a  mass  of  stone-flakes  knocked  off  in  forming  the  instru- 
ments, easily  recognizable,  not  only  by  their  form,  but  by  their  being 
of  a  species  of  stone— chalcedony,  agate,  and  especially  green  jasper 
(called  by  the  Greenlanders  "angmak"),  not  met  with  in  the  gneiss 
formation,  but  only  at  cei'tain  spots  in  the  basalt  region  of  Disko  or 
the  peninsula  of  Noursoak.  One  sometimes  finds  smaller  instru- 
ments of  clear  quartz,  as  also  half-wrought  crystals  of  the  same 
mineral.  Everything  shows  that  the  material  was  carefully  chosen 
among  such  minerals  as  united  the  necessary  hardness  tcith  absence 
of  cleavage f  and  a  flat  conchoidal  fracture.  Among  minerals  in 
general,  the  different  varieties  of  quartz  (rock  crystal,  agate, 
chalcedony,  flint,  and  jasper)  are  the  only  ones  which  fully  satisfy 
these  conditions ;  and  it  is  therefore  almost  exclusively  these  minerals 
that  the  various  races  of  men  have  chosen  for  making  their  chipped 
(not  ground)  stone  instruments. 

The  two  largest  of  the  old  house  sites,  among  which  we  were  now 
resting,  lay  so  near  the  sea  that  their  bases  were  washed  by  the  water. 
A  small  stream  had  found  its  way  through  one  of  them,  and  had  thus 
not  only  exposed  a  profile  of  the  kitchenmidden,  but  also  subje(^»d 
a  part  of  it  to  a  washing  process,  in  consequence  of  which  bits  of 
bone  and  other  heavier  objects  lay  clean  washed  at  the  bottom  of  the 
kennel  and  in  the  hollows  of  the  gneiss  slabs  of  the  shore.  These 
were  carefully  examined,  and  a  number  of  stone  instruments  and 
stone  chips  were  collected.  There  were  no  traces  of  iron,  but  a 
small  piece  of  copper — an  oval  perforated  piece — which  had  evidently 
once  served  as  an  ornament.  At  the  largest  site  a  tolerably  thick 
round  stone  wall,  8  or  10  feet  high,  and  26  in  section,  was  still  dii- 
tinguishable,  divided  into  two  unequal  portions  by  a  party-waU. 

e  entrance   seems   to   have   led   into   the   larger  of  these  areas, 

nng  from  the  extensive  ¥v\;c^\iQii\x^^i^<^\i  ^^.u^te  ^ust  outside  it 
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le  of  the  other  heaps  of  bones  a  flat  stone  was  found,  so  large 
require  the  united  efifort43  of  several  Greenlanders  to  turn  it. 
declared  that  the  workshop  for  the  fabrication  of  stone  instru- 
4  must  have  been  situated  on  that  spot,  and  expected  acoordingly 
i  a  great  quantity  of  chips  in  its  vicinity,  which — however,  the 
;  of  their  searches  did  not  confirm. 

e  kitchenmiddens  outside  the  large  cot  rested  on  a  low  slab 
eiss,  separated  from  it  by  a  thin  layer  of  turf,  in  which  were  no 
I  of  any  pieces  of  bone,  and  which  had  therefore  been  formed 
)  the  place  was  inhabited.  In  other  respects  this  turf,  of  which 
nens  were  taken  away,  was  perfectly  like  the  earth,  which  was 
I  with  bones  and  stone-chips.  Here,  there  were  no  MytUus 
,  though  these  are  everywhere  else  found  around  Greenland 
ings — an  indication  tlmt  the  inhabitants  were  not  formerly 
id  to  have  recourse  to  the  species  of  famine-food,  whereof  these 
«ritness. 
discover  the  various  animal  forms  that  had  here  been  the  prey 

)  hunter,  Dr.  Oberg  collected  a  quantity  of  bones,  in  whidi 
the  Greenlanders  took  a  lively  interest,  usually  determining 
great  certaduty  the  species  to  which  the  pieces  of  bone  had 
jed. 
)  following  species  could  be  ascertained : 


rvus  tarandus. 
'8US  maritimtu, 
iehechus  Hsmartu, 
stophora  eriatata, 
\oca  barbata 


Fhoea  Ormnktndiea, 

„      hiipida, 

„     vitulina, 
Delphinapterut  leueas. 


m  if  we  suppose  that  this  spot  was'first  inhabited  shortly  after 
iquimaux  entered  Greenland  over  Smith's  Sound,  its  age  will  still 
rcely  more  than  five  hundred  years,  a  period  generally  too  short 
w  marks  of  the  slow  but  continuous  changes  to  which  the 
c  world  is  subjected.  I^either  do  the  kitchenmiddens  of  Kiya 
n  any  other  forms  of  animals  than  those  still  living  on  the 
)f  Greenland.  Nevertheless  we  obtain  here  an  interesting  con- 
Ion  of  the  changes  that  the  ice-fjord  has  undergone.  The 
s,  Fhoca  barbattty  Cystophora  cristata,  no  longer  ventures  into 
•ng  ice-blockaded  fjord ;  and  even  the  bear  has  now  become  so 
,  in  the  colonies  of  North  Greenland  south  of  the  Waigat  that 
>f  the  Danes  resident  in  those  parts  have  never  seen  it.  The 
nts  of  bones  in  the  kitchenmiddens  on  the  other  hand  prove 
lese  animals  were  abundant  there  formerly,  and  are  conse- 
y  an  evidence  that  the  fjord  at  Jakobshafn  was  less  filled 

)  views  we  got  of  the  land  InwardB  from  a  high  moantain  near  Eaja  showed, 
',  clearly,  that  the  often  repeated  story  of  a  strait  passing  completely  across 
nd  has  arisen  from  a  misunderstanding  of  the  Greenlanders*  accounts  of  ike 
TOW  fjord.  We  received  from  the  Greenlanders  at  Auleitsiviksfjord  a  similar 
of  the  southern  arm  of  that  fjord;  hut  on  questioning  them  more  closely,  it 
1  that  thej  only  meant  that  the  distance  to  the  extremity  of  the  fjord  was, 
g  to  their  notions,  immensely  great.  Erantz  (in  the  middle  of  tiie  last 
speaks  of  the  fjord  as  quite  full  of  ice.  It  was  then  so  long  Wot^ 
i's  time,  when,  according  to  Brown,  **  this  inlet  ^8A  ^\a  qj^tl  lvt\Mni(»^'' 
Joarn.  GeoL  Soc.,  ziyu,  p.  684.) 
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with  ioe  thaa  now.  The  nniform  agreement  of  the  older  mil 
in  placing  here  a  stndt,  extending  completely  aaroea  CheenUl 
indicatea  that  it  ia  only  within  the  last  few  oentmies  thai  lUi 
Qord  has  been  oonverted  into  an  ice-fjord,  and  that  aoooidiiu|Kf  fle 
same  phenomenon,  though  on  a  lamr  acale,  has  taken  plaoehinM 
in  the  northern  harbour  of  Belaound,  Spitzbeigen.  Eiants  Tncnrtiwi 
a  similar  case  with  reference  to  the  ice-fjord  north  of  FredzicUbiA 
in  South  Greenland. 

At  all  the  old  houae-mtea  in  Greenland  one  meets  with  gvmwk 
and  such  is  the  case  here.  Hie  grave  usually  ccmaiats  of  a  cmb^ 
buQt  of  moderately  sized  stones,  in  the  middle  of  which  an  oUoqf 
excavation,  about  tne  length  of  a  man,  and  covered  with  a  laxgie  flii 
stone,  forms  the  ohamber.  In  these  we  usually  find  the  skeletons  d 
several  persons,  so  that  the  grave  has  been  a  sort  of  fiunily  tonih 
Peculiar  small  chambers  dose  beside  the  real  grave-chamber  fon 
store-rooms  for  the  deceased's  outfit  for  the  next  worlds  We  ibd 
here  arrow-heads,  scraps  of  leather,  bone,  stone  or  iron  knifsib 
water-ladles,  bits  of  stone  pans,  lamps,  pieces  of  fliat,  bows^  modah 
of  canoes,  oblong  smoked  pieces  of  pebble-stones,  small  woodtt 
staves,  according  to  the  statement  of  the  Gbeenlanders,  dipped  ia 
oil,  and  to  be  used  as  torches,  etc.,  eta  In  a  similar  grave-^iamlMr 
at  Fortune  Bay  I  found  a  number  of  glass  beads,  evidently  vt 
European  origin,  beads  of  bone,  flint-points,  and  some  rasty  naiii 
(these  last  probably  the  most  costly  among  the  valuables,  which  the 
male  or  female  potentate  resting  in  the  grave  was  to  take  with  him 
or  her  to  the  other  world).  A  Greenlander  gave  to  Dr.  Oberg  a  pair 
of  blinkers,  or,  more  intelligibly  speaking,  snow-spectacles,  made  of 
wood,  found  in  a  grave.  The  proprietor  would  seem  to  have  suf- 
fered from  weak  eyes,  and  to  have  been  afraid  of  the  reflexion  of 
the  light  from  the  snow-fields  in  the  abode  of  the  blessed. 

It  seems  to  be  usually  assumed,  that  whatever  iron  is  met  with 
among  the  Greenlanders  is  either  of -meteorio  origin,  or  else  has 
come  from  the  original  Northmen  colonists,  or  from  the  Greenland 
merchants  and  wh^Jers  of  modem  times.     This  assumption  appears 
to  me  erroneous.     First,  as  regards  meteorio  iron,  it  is  certainly  met 
with  in  Greenland,  as  in  all  other  lands  that  have  been  but  a  short 
time  inhabited  by  man;  in  other  countries  it  has  been  used  up  during 
the  period  when  iron  was  more  valuable  than  gold.     The  meteoric 
iron  that  has  hitherto  been  found  in  Greenland  is,  however,  goie- 
rally  too  hot-short,  cold-short,  and  brittle,  to  be  otherwise  than  ex- 
ceptionally used ;  and  even  if  a  piece  of  better  quality  should  be  met 
with,  I  cannot  see  how  the  Greenlanders,  with  the  tools  they  at 
present  possess,  oould  possibly  forge  an  arrow-point  out  of  a  piece  of 
iron  weighing  a  couple  of  pounds.    But,  on  the  other  hand,  since  the 
time  when  ships  first  began  to  cross  the  Atlantic,  a  wreck  may  now 
and  then  have  been  carried  by  the  current  on  to  the  coast  of  Green- 
land, sometimes  far  up  Bi^n's  Bay.     We  were  able  to  verify  an 
example  of  this.     In  fact,  during  our  stay  in  North  Greenland,  a 
fragment  of  a  small  schooner  or  brig  drove  on  shore  at  Disko, 
between  Diskofjord  and  liieWasi^^oi^     M  wran  as  notice  of  the 
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:  was  given,  the  Greenlanders  in  the  neighbourhood  made  an 
kte  inventory  of  everything  on  board  .that  could  be  turned  to 
leful  purpose.  They  found  bread  and  sundry  other  provisions, 
otatoes,  but  no  paper  or  any  indication  of  the  name  the  ship 
ice  borne,  or  the  nation  to  which  it  had  belonged,  further  than 
he  brass  bolts  by  which  the  timbers  were  fastened  together 
he  stamp  "  Skultuna ; "  they  were  therefore  from  the  Swedish 
foundry  of  that  name,  and  it  is  perhaps  probable  that  the 
itself  was  either  Swedish  or  Norwegian.  It  was  a  two-masted 
of  100>150  tons  burden,  according  to  the  estimate  of  the 
I,  and,  according  to  the  Greenlanders,  could  take  a  cargo  equal 
»ut  half  that  of  a  three-master.  The  timbers  were  of  oak,  the 
covering  of  pine,  the  sides  were  not  strengthened  to  resist  ice, 
tern  was  round  "as  a  Dutchman's."  The  Greenlanders  as- 
L  that  undoubtedly  the  ship  was  neither  a  whaler  nor  intended 
1  amongst  ice — ^and  there  is  not  the  slightest  reason  to  doubt 
3curacy  of  their  judgment,  which  is  most  sagacious  in  such 
rs.  We  have  then  here  an  example  of  a  wreck  drifting  hither 
the  southern  seas.  Similar  events  must  of  course  have  ofken 
ned  before,  and  what  an  abundance  of  iron  the  wreck  of  a 
upplies  to  a  Greenland  colony  with  its  limited  wants,  is  evi- 
from  the  quantity  of  iron  lying,  at  our  visit,  scattered  around 
3uses  in  Godhavn,  and  obtained  from  whalers  that  had  been 
le<l  there  in  the  preceding  year.  Here  again  was  evidence  of  the 
ilander's  improvident  character.  It  never  entered  the  mind  of 
ne  of  them,  out  of  all  that  quantity  of  iron — sufficient  perliaps 
>ply  the  wants  of  the  Greenlanders  for  a  century — to  preserve 
than  what  he  for  the  moment  required ;  and  if  the  regular  ex- 
ions  from  Europe  were  to  cease,  the  colony  would  again  in  a 
ears  liave  to  go  back  to  the  bone-knife,  the  bow  and  the  flint 
ments. 

:  bone-knives,  such  as  are  sometimes  found  in  old  graves,  the 

of  which  is  formed  by  an  iron  plate  let  into  a  groove  in  the 

a  piece  of  an  iron  hoop  of  a  barrel,  that  may  have  washed 

3,  may  easily  enough  have  been  used ;  an  old  worn-out  iron 

would  have  been  less  fit  for  the  purpose.     These  iron-shod 

knives  are  therefore  by  no  means  always  remnants  from  the 

when  the  iron  brought  into  the  country  by  the  Northmen  in 

?ginning  of  the  present  millennium  had  begun  to  be  scarce,  but 

y  examples  of  the  Greenlanders'  way  of  turning  to  use  for 

simple  wants,  in  the  most  appropriate  manner,  any  objects 

nay  come  in  their  way. 

Kaja  persons  have  been  buried,  not  only  in  ordinary  graves, 
ti  low  caves  formed  at  the  foot  of  neighbouring  steep  cliflfs  of 
3  by  huge  blocks  of  rock  fallen  from  the  mountain  one  over 
er.  Most  graves  in  the  vicinity  of  the  colonies  have  been  long 
luudered  by  searchers  after  antiquities.  This  was  not  the  case 
s  distant  locality ;  nevertheless,  all  that  we  found  in  the  graves 
.  pair  of  water-ladles  and  arrow-heads.  On  the  other  hand,  as 
een  already  said,  a  rich  harvest  was  gat\\et^d  oX  \\i"^  «v\«e.  ofl  '^^ 
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old  houses.*  Some  sknlls  were  also  taken,  the  Greenlanders  not  ip* 
pearing  to  object  to  thU;  and  as  it  is  a  matter  of  the  gresleA 
scientific  interest  to  obtain  perfectly  authentic  skulls  of  the  ori^nil 
inhabitants  of  Greenland  before  any  mixture  of  race  had  tabi 
place. 

On  the  31st  of  July  we  returned  to  Leerbugten,  ^where  we  nm 
obliged  to  divide  our  little  expedition  into  two  parties.  It  wai  o( 
interest  to  the  geologists  to  visit  as  many  places  along  the  coast  M 
possible,  even  if  it  were  only  for  a  few  hours,  whereas  the  botaniit 
and  the  zoologist  for  their  researches,  and  especially  for  the  preser- 
vation of  their  collections,  were  obliged  to  remain  at  least  some  diji 

at  each  place.  Dr.  Berggren  and  Dr.  Obeig  therefore  now  went 
together,  to  collect  from  the  bottom  and  from  the  mountainous  shorei 
of  Disko  Bay  materials  for  the  fauna  and  flora  of  the  place.  Dr. 
Nordstrom  and  1,  on  the  other  hand,  hastened  to  the  Basalt  r^on,  to 
seek  for  new  sources  of  the  climatological  history  of  the  extreme 
north  in  the  coal,  sand,  and  clay-beds  to  be  met  with  there.  The 
harv^est  we  gathered  was  rich  beyond  our  expectations. 

In  the  first  volume  of  his  work  on  Greenland,  Krantz  has  in- 
troduced some  notices  of  the  mineralogy  of  the  country,  whence  we 
find  that  the  cod-beds  of  Disko  were  then  (1765)  already  known. 
A  statement  of  the  Greenlanders  is  moreover  adduced,  that  in  certain 
distant  parts  all  sorts  of  fishes  were  to  be  found  turned  into  stone. 
Some  years  later  the  surgeon  Brasen,  who  in  1767  made  a  voyage 
to  these  parts  for  his  health,  collected  a  quantity  of  minerals,  of 
which  a  catalogue  is  given  in  the  third  volume  of  Krantz's  work. 
This  catalogue  contains  twenty-five  items,  including  diftereut  varieties 
of  quartz,  granite,  graphite,  pot-stone  (steatite),  pumice-stone  (of 
which  it  is  justly  remarked,  that  it  has  been  brought  hither  by  the 
currents  from  Icehmd),  and  so  forth.  In  the  beginning  of  the  next 
century  (1806-1813)  C.  Giesecke — who  was  first  an  actor,  afterwards 
a  mineralogist  with  the  title  of  "  bergsraad,"  and  lastly  professor  in 
Dublin — and  Knight  made  extensive  mineralogical  excureions  on  the 
coasts  of  Greenland.  Giesecke  himself  has  published  but  little  of 
his  obsei'vations,^  though  carefully  kept  journals  of  his  travels  are 
preserved  in  manuscript  at  Copenhagen.  Numerous  and  important 
new  discoveries  prove  that  his  researches  were  carried  out  in  a  true 
scientific  spirit,  and  with  a  completeness  and  accuracy  the  like  of 
which  but  few  of  the  old  civilized  lands  of  Europe  could  at  that 
time  produce.  Even  North  Greenland  was  visited  by  Giesecke. 
Here  lie  discovered,  among  other  things,  plant-fossils  at  Rome  ^  and 
at  the  east  coast  of  Disko,*  and  furnished  several  instructive  sections. 

1  Stone  implements  of  various  kinds  were  collected  and  ])urcha8ed  by  «s  at  several 
other  places,  so   that   the   collection  vre   brought  home   consisted  of  above   1000 

specimens.     Dr.  Oberg  made  the  richest  han'est  at  Kikertak. 

'  In  Brewster  s  Edinhurph  Encycl(»pajdia,  vol.  x.,  pp.  481-502.  under  the  word 
**  Greenland,"  is  an  article  written  by  Giesecke,  containing,  among  oiber  things,  some 
short  notices  of  the  niinerah>gy  of  that  country.  There  is  also  a  work  by  him  on 
Cryolite  in  Kdinburgh  Philo.  Juurnnl,  vi.,  1822. 

5  Giesi-cke's  Journal,     llecr'a  Flora  Fossilis  Arctica,  p.  7. 

^  The  above-mentioned  article  in  Brewster's  Edinburgh  Encyclopaedia,  p.  i93. 
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Snbseqnently  (1838)  the  ooal-beds  of  North  Greenland  were,  by 
order  of  the  Danish  Government,  examined  by  J.  C.  Sohythe,  though, 
aB  it  appears,  chiefly  for  technical  purposes.  A  more  important 
event  for  geological  science  was  Dr.  Bink's  four  years'  residence 
(1848-1851)  in  North  Greenland,  during  which  time  he  visited 
many  parts  of  the  Basalt  region,  whence  rich  collections  were  taken 
home,  among  which  may  be  mentioned  fossil  trunks  of  trees  from 
aereral  places,  as  also  the  fossils  from  Rome  described  in  Heer's  Flora 
Fossilis  Arctica.  Some  years  later  a  Dane,  Jens  Nielsen,  residing 
at  Atanekerdluk,  discovered  magnificent  Miocene  fossils  there,  a 
laige  number  of  which  were  collected,  when  Captain  Inglefield,  in 
eompany  with  Captain  Colomb,  and  Obrik,  the  Inspector  of  North 
Greenland,  visited  the  place  in  July,  1854. 

These  strong  proofs  of  a  climate  formerly  warm,  up  in  the  neigh- 
bourhood of  the  Pole,  aroused  wonder  and  astonishment  in  all  who 
saw  them.  More  collections  were  made,  partly  by  Inspector  Obrik.' 
partly  by  other  officials  of  the  Danish  Trade.  Also  Prof.  Torell,  Dr. 
Walker,  Dr.  Lyall,  and  others  brought  home  not  inconsiderable  col- 
lections from  their  travels  in  Greenland. 

The  importance  of  this  discovery  to  the  history  of  our  globe  was, 
however,  first  taught  by  means  of  Heer's  Flora  Fossilis  Arctica,  in 
which  these  fossils  are  described,  together  with  similar  fossils 
collected  during  the  English  Franklin  Expeditions  from  the  most 
northerly  archipelago  of  America,  by  Prof.  Steenstrup  from  Iceland, 
and  by  the  Swedish  Polar  Expeditions  from  Spitzbergen.  The 
British  Association  had  already  (1867),  at  the  instance  of  Mr.  Bobert 
H.  Scott,  F.B.S.,  sent  out  an  expedition  to  make  new  researches  in  this 
geologically  interesting  quarter.  These  were  entrusted  to  Messrs. 
Whymper  and  Brown ;  *  but  in  consequence  of  a  combination  of  un- 
favourable circumstances,  the  new  reseai'ches  were  confined  to  the 
already  well-examined  locality  of  Atanekerdluk  and  the  opposite 
shore  of  the  Waigat  The  new  collections  thus  indeed  completed 
the  knowledge  we  already  possessed  of  the  Flora  of  the  Miocene 
Period  in  the  extreme  north,  but  they  opened  no  new  views  of  the 
periods  which  immediately  preceded  and  followed  it. 

As  in  1858,  and  especially  in  the  Spitzbergen  expedition  of  1868, 
I  had  had  the  opportunity  of  contributing  in  some  measure  to  the 
climatic  history  of  the  extreme  north,  this  question  interested  me  in 

*  Mr.  Obrik's  collections  were  given  partlj  to  the  University  Museum  at  Copen- 
kagen,  partly  to  Capt.  M*Clintock,  who,  on  his  return  in  1 859,  passed  Disko,  and,  on 
returning  home,  presented  them  to  the  Koyal  Society  in  Dublin,  the  same  institution 
to  which  Capt.  Cfolomb  had  presented  his  collections.  Capt.  Inglefield' s  collections 
were  given  partly  to  the  Geological  Survey  in  London ;  Dr.  Walker's  and  Dr.  Lyall's 
(from  the  eastern  side  of  Disko,  near  the  surface  of  the  sea)  to  the  Botunical  Museum 
at  Kew ;  Prof.  Torell's  to  the  National  Museum  at  Stockfiolm ;  Mr.  Whymper's 
and  Mr.  Brown's  to  the  British  Museum.  The  collections  from  Spitzbergen  and  of  the 
expedition  of  1870  will  be  divided  between  the  Museums  of  Stockholm  and  Gotten- 
burg. 

•  On  this  journey,  see  Osw.  Heer,  *'  Contributions  to  the  Fossil  Flora  of  North 
Greenland,  being  a  Description  of  the  Plants  Collected  by  Mr.  Edward  Whymper 
during  the  Summer  of  1867." — Phil.  Transactions  of  Koy.  Soc,  \qI.  V5^^'^«x\.\SL^ 
p.  446.     1870. 
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the  highest  degree.  It  was  especially  desirable  to  collect  niateriili 
from  the  Cretaceous  beds  at  Kome,  and  to  obtain,  if  possible,  plsnt^ 
fossils  from  the  long  periods  intervening  between  the  fern-forests  of 
the  Cretaceous  and  the  beech  and  plane  woods  of  the  Miocene 
£poch ;  as  well  from  the  ages  intervening  between  the  last- 
mentioned  era  and  the  present  time.  This  was  the  object  of  Dr. 
Nordstrdm's  and  my  tours  during  the  remainder  of  the  summer. 

Aug.  1.  We  departed  in  the  Inspector's  yaeht,  with  our  own 
whale-boat  in  tow,  from  Sandbugten  to  Flakkerhook,  where  the 
Inspector  took  leave  of  us,  promising  to  meet  us  again  at  Atanekerd- 
luk.  We  rowed,  touclung  at  a  number  of  intermediate  places  to 
collect  plant-fossils,  past  Mudderbugten,  round  Isungoak,  to  Ujan- 
susuk,  whence  I  passed,  in  a  boat  obtained  from  the  Danish  officer,  to 
Bitenbenk  coal-mine,  north  of  Rudliset,  and  then  crossed  tlie 
Waigat  to  Atanekerdluk.  Dr.  Nordstrom  stopped  a  little  longu*  to 
collect  more  fossils  at  Ujarasusuk,  and  thence  sailed  in  somewkit 
rough  weather  direct  to  our  appointed  place  of  meeting.  On  thii 
now  uninhabited  spot  we  all  mot  on  the  5th  of  August  On  the  9tli 
we  rowed  farther,  to  Maniiik,  Atano,  Noursak,  and  Noursoak,  where 
we  remained  a  couple  of  days  (August  12  and  IS). 

The  time  was  employed  jmrtly  by  a  visit  to  the  coal-beds  of 
Ketluarsak,  situated  high  up  in  the  basalt  beds  between  the  two 
last -mentioned  jilaccs.  From  Nonrsoak  the  Inspector  continued  hit 
journey  to  Upernivik,  while  wo  rowed  along  the  shore  of  Omenak- 
fj'Til,  touching  at  Niakornet,  Ekkorfat,  Karsok  and  other  places,  to 
l^lttol•lik.  From  Niakornet  and  Karsok  two  trips  were  made  into 
till-  interior,  to  coal-bods  at  Ifsorisok  and  to  the  famous  grai>hitc-bed 
ai  K.irsok.  From  Pattorfik  wo  rowed  over  the  fjord,  though  densely 
j)aLktMl  with  icebergs,  to  Omenak,  where  we  arrived  on  the  20th  of 
Aiiirust.  Here  we  were  detained  by  the  ice  a  couple  of  days,  during 
which  we  were  lodged  in  tho  most  hospitable  mamier  by  the  local 
Colonial  Governor,  ^Ir.  Boye. 

On  the  22nd.  in  the  afternoon,  we  rowed  over  to  Assakak  glacier, 
an<l  tlie  following  day  onward  to  Koine,  whence  we  went  on  board  a 
ship  lying  there  belonging  to  the  Greenland  Trade,  in  which,  in 
the  evening  of  the  21  th,  we  set  sail  for  Godhavu,  where  we  arrived 
on  the  ^JOth,  and  whence  some  excursions  were  made  to  the  sjK^t 
where  tlie  meteoric  iron  was  discovered  at  Ovifak  ;  to  Sairi»k,  at  the 
month  of  the  Disko  tjord;  to  Puilasok,  and  Sinnifik.  Shortly  after 
our  arrival  at  the  last-mentioned  place  (Sept.  3),  wo  rewived  ft 
Kayak  express  from  (rodhavn  with  the  news  that  war  had  broken  out, 
which  induced  us  to  haslen  back  to  the  colony  in  order  to  avail  oiir- 
selves  of  the  first  opportunity  to  return  to  Europe.  As  no  vessel 
was  just  then  lying  there,  nor  was  any  expected  to  arrive  at 
Godhavu  for  the  next  few  days,  I  immediately  passed  over  to 
Egedesniinde.  Dr.  NordstWnn  remained  at  (lodhavn,  awaiting  Drs. 
OixM'g  and  In'rg^ren,  to  return  home  with  them.  At  P]^edesminde  I 
went  on  lioard  tlie  brig  Thialfe,  commanded  by  Captain  Bwckdorff. 
Contrary  winds  prevented  our  departiu^e  till  the  23rd  of  Septeniher, 
and  tho  passage  was  feVow  m  wiM^^c^eticft  ^1  ^\»t\vl  and  unfavourable 
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^inds,  so  tbot  it  was  not  till  the  2nd  of  November  that  I  could  land 
at  Elsinore. 

Daring  the  whole  period  of  our  boat  excnr&ions  in  Greenland  we 
had,  with  the  exception  of  one  rainy  night,  a  constantly  clear  sky 
and  a  favourable  sailing  breeze :  circumstances  which  greatly 
&cilitated  our  movements,  and  rendered  it  possible  in  so  short  a 
time  to  investigate  at  least  the  principal  geological  features  of  that 
Yemarkable  tract,  and  to  collect  extensive  series  of  plant-fossils  from 
above  twenty  separate  localities  and  belonging  to  five  widely -separated 
geological  horizons. 

Like  previous  similar  collections  from  the  Arctic  regions,  tliese 
have  been  transmitted  for  examination  to  Prof.  Osw.  Heer,  of 
Zurich,  and  I  venture  to  hope  that,  when  duly  interpreted,  they  will 
give  us  an  idea  of  the  changes  of  climate  these  regions  liave  under- 
gone since  the  epoch  when  serious  variations  of  climate  first  took 
place  upon  the  globe.  I  will  only  offer  a  few  short  remarks  on  the 
geognosy  of  these  interesting  beds. 

Greenland  basalt  or,  as  it  is  also  called,  trap-formation,  probably 
extends  completely  across  the  country  north  of  the  6^h  degree  of 
latitude;  at  least  Scoresby  found,  in  his  remarkable  visit  to  the 
eastern  coast  of  Greenland,  trap  with  the  impression  of  plants^  at 
many  places  along  the  extent  of  coast  visited  by  him.  It  is  ^lossible 
that  the  same  formation  may  continue  under  the  sea  to  Iceland,  and 
thence,  partly  in  a  more  northerly  direction  over  Jan  May  en  to 
Spitzbergen,  partly  in  a  southern  direction  from  Jan  Mnyen,  over 
the  Faroe  Islands,  to  the  Hebrides  and  Ireland.'  Tlie  same  eruptive 
formation  extends  also  westward  over  a  vast  part  of  Franklin's 
Archipelago,  perhaps  even  to  the  volcanic  tracts  at  Behrings  Sound. 
These  basalt  beds  probably  all  arise  from  a  volcanic  chain,  active 
during  the  Tertiary  Period,  which  perhaps  indicates  the  limits  of  the 
ancient  polar  continent,  in  the  same  manner  as  is  now  the  case  with 
the  eastern  coast  of  Asia  and  the  western  of  America,  thus  confirm- 
ing the  division  of  land  and  water  in  the  Tertiary  Period,  which 
upon  totally  different  grounds  has  been  supposed  to  have  existed. 

This  formation  appears  most  developed  in  North  Greenland  on  the 
large  Island  of  Disko,  as  also  on  the  peninsulas  of  Noursoak  and 
Sortenhook,  where  it  occupies  an  area  of  above  7000  8(][uarc  miles 
with  a  vertical  section  of  3000  to  6000  feet. 

Even  here  these  eruptive  rocks  are  divided  into  beds  which, 
between  Godhavn  and  Fortune  Bay,  rest  immediately  upon  the 
gneiss  formation  ;  on  the  strand  of  Omenakfjord,  between  Ekkorfat 
and  Kome,  upon  sand  and  clay  beds  belonging  to  the  Cretaceous 
age.  To  the  east  of  Gk)dhavn,  again,  at  Puilasok  and  Sinnifik,  we 
meet  with  sand  and  clay  beds  lying  between,  not  under,  the  basalt 

^  Scorcsby'B  collections  from  these  parts  seem  to  have  been  lost.  On  the  other 
hand  the  last  German  expedition  to  East  Oreenland  brought  back  collections  of  plant 
impresBions  which  have  also  been  placed  for  investigation  in  the  hands  of  Prof.  Osw. 
Heer. 

*  The  agreement  between  the  basalt  formations  of  Greenland  and  the  British 
IclandH,  both  as  regards  the  character  of  the  rocks  and  t\i<i  ql\£|^  ol  ^<(^\y^^,  ^<«^\SkSs\A 
be  perfect. 
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rocks,  and  accordingly  newer  than  these  latter.  Also  the  fosnlB  m 
these  beds  belong  to  the  Tertiary  Period.  It  follows  then,  QuUfk 
eruptions,  which  Aaoe  given  rise  to  these  vast  beds  of  basM,  have  takm 
place  subsequently  to  the  commencement  of  the  CreioLeeouB^  ami  liem 
ceased  be/ore  the  termination  of  the  Tertiary  Period. 

In  the  preceding  pages  I  have  intentionally  spoken  of  basalt  stnia 
and  schists.  In  almost  every  place  where  I  have  had  the  qipor- 
tunity  of  examining  it,  the  Greenland  basalt  is  so  stratified  that  ou 
is  forced  to  admit,  that  it  is  only  exoepticmally  that  we  have  to  do 
with  consolidated  masses  of  lava,  but  for  the  most  part  with  emptifB 
sedimentary  beds  of  volcanic  ashes  and  volcanic  sand,  which  in  the 
course  of  thousands  of  years  have  become  hard  again  and  assumed  i 
crystalline  structure. 

Any  clearly  decided  lava-streams  I  have  scarce  had  oooasion  to 
observe,  even  larger  or  smaller  dykes  are  not  so  common  as  one 
might  expect,  and  where  they  are  found  the  mass  of  lava  ejected  hn 
scarcely  produced  any  effect  upon  the  loose  beds  of  sand^  day,  or 
basalt  that  it  has  pierced. 

No  volcanoes,  either  extinct  or  active,  are  met  with  in  these  port& 
although  circular  depressions  in  the  basalt  plateau,  caused  by  glacien 
or  brooks,  may,  when  carelessly  observed,  easily  be  mistaken  for 
true  craters.  It  is,  of  course,  quite  natural  that  great  cavities  in  the 
interior  of  the  earth  must  arise  in  the  places  whence  the  great 
eruptions  have  issued,  which  have  produced  the  basalt  region  of 
Greenland,  and  that  these  in  their  turn  must,  within  a  short  period, 
bo  followed  by  the  destruction  of  the  superjacent  volcanic  cone. 
Tlio  place  or  places  where  these  old  volcanoes  once  rose  high  over 
tlie  surrounding  plains  will  therefore  now  most  probably  correspond 
to  the  greatest  depths  in  the  neighbouring  sea. 

At  Godhavn  the  lowest  strata  resting  immediately  upon  the  gneiss 
formation  {e.g.  outside  Blasedalen)  consist  of  a  basalt  tuff  or  breccia 
containing  various  species  of  zeolites  (according  to  Giesecke,  only 
a])0})hyllite),  next  comes  columnar  basalt,  free  from  zeolites,  then 
again  basalt  tuff  with  zeolites,  alternating  with  true  basalt  A  coarse 
crystalline  dolerite,  very  similar  to  the  Spitzbergen  hyperite,  forms 
at  Atanekerdliik,  near  the  shore,  a  hill  several  tliousand  feet  high. 

The  basalt  beds  are  50  to  100  feet  thick,  and  may  be  traced  for 
miles  along  the  shores,  often  separated  from  each  other  by  thin 
layers  of  red  basaltic  clay.  Sometimes  the  layers  are  crossed  by 
dykes  of  a  hard,  fine-grained  basalt. 

Not  only  dykes,  but  also  basalt  beds  have,  on  the  cooling  of  the 
melted  mass,  or  during  the  drying  and  crystallizing  process  which 
the  volcanic  ashes  have  undergone  in  their  transformation  to  basalt, 
been  broken  into  regular  columns,  mostly  hexagonal.  Briinnvin- 
shanm,  Skarffjiill,  Kudliset,  and  other  places  on  Disko  and  the 
peninsula  of  Noursoak,  afford  examples  of  this  kind  of  basaltic 
stnicture,  comparable  in  magnificence  with  Staffs  and  other  geo- 
logically famous  European  localities. 

Volcanic  eruptions,  as  has  been  above  remarked,  no  longer  occur 
Xn  thia  region.    Yet,  in.  oonft^c^ena^  oi  ^^  t«:^\^\73  ^vtk  which 
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»lt  is  destroyed,  layers  of  basalt  sand  constantly  collect  on  the 
>Te8 — beds  whidi,  in  the  course  of  thousands  of  years,  may,  under 
rourable  circumstances,  harden  to  a  rock  not  distinguishable  from 
d  basalt,  unless  perhaps  it  be  by  the  circumstance,  that  as  these 
is  are  deposited  in  the  sea,  they  may  possibly  contain  marine 
»il8,  which  the  tuffs  of  pure  basalt  formations  do  not.  Such  a 
rdened  fossiliferous  basalt  sand  occurs  at  Pattorfik,  in  Omenak- 
>Td  and  between  that  place  and  Sarfarfik.  This  stratum,  which 
8  already  been  described,  is,  however,  evidently  far  more  recent 
GUI  the  newest  beds  of  the  real  basalt 

Toung  as  the  colonies  in  these  parts  as  yet  are,  tradition  can 
vertheless  adduce  sundry  examples  of  the  rapidity  with  which 
salt  rocks  are  destroyed.  It  is  difficult  to  induce  a  Qreenlander  to 
netrate  by  boat  into  the  inner  parts  of  the  three  Qords  which  cut 
to  the  west  coast  of  Disko  Island.  The  reason  of  this  is  said  to 
,  that  on  one  occasion  a  whole  house  with  all  its  inhabitants  was 
ashed  by  a  sudden  fall  of  a  basalt  rock.  At  Grodhavn,  on  the  brow 
the  basalt  mountain,  there  were  formerly  twelve  huge  projecting 
Bvations,  called  the  twelve  apostles.  Of  these  there  is  now  but 
e  remaining. 

In  the  immediate  neighbourhood  of  Godhavn  the  basalt  either 
tends  oompletely  down  to  the  sea  or  lies  immediately  upon  the 
leiss  formation,  which  there  occupies  the  strand-cliffs.  On  row- 
g  from  this  point  further  to  the  east,  as  soon  as  one  is  past 
:arffjallet,^  sand  or  sandstone  beds  are  found  nearest  the  shore,  in- 
easing  in  thickness  as  one  approaches  the  Waigat,  so  that  at 
Akkerhook  and  Isungoak  they  form  mountains  of  1500  to  2000 
9t  high,  frequently  crowned  with  a  perpendicular  basalt  diadem, 
le  same  formation  is  met  with  on  the  other  side  of  the  Waigat 
Atanekerdluk.  Further  north-west  in  the  strait,  however, 
e  conformably  stratified  sand  and  basalt  beds  sink  again,  so  that 
)fore  one  arrives  at  Noursak  the  basalt  reaches  the  sea-level, 
syond  that  point  the  peninsula  is  entirely  occupied  by  basalt-beds, 
rminating  in  terraces,  between  which  no  sand-layers  can  be  dis- 
•vered  from  the  shore.  But  at  a  height  of  from  1000  to  2000  feet 
»ove  the  sea  we  find  here,  also,  purely  sedimentary  formations  of 
nd,  clay,  coal,  etc.,  but  very  thin,  and  therefore,  for  the  most  part, 
•noealed  by  basalt  detritus. 

Further  inward,  the  shore  of  OmenakQord  is  occupied  exclusively 
r  basalt,  extending  beyond  Niakomet;  but  afterwards  we  again 
eet  with  a  formation  similar  to  that  of  Atanekerdluk,  though  of  a 
idely  different  age,  and  resting,  not  upon  basalt,  but  upon  gneiss, 
hese  layers  belong  to  the  lower  Cretaceous.  Here  the  basalt  strata 
)  longer  extend  down  to  the  water,  and  the  shore  pebbles  farther 
ward  are  again  of  gneiss.  But  the  glaciers  that  extend  downwards 
Dm  the  interior  continually  carry  with  them  basalt  blocks  and 
usalt  columns,  indicating  that  the  lofty  inland  mountains  are  still 

^  Some  of  these  beds  (at  Puilasok  and  Sinnifik)  nearest  Godhavn  are  however  mor^ 
eent  than  the  basalt  formation^  i.c.  stratified  biiweinf  not  under,  ^<&iQ0&.^^^O(i«saSx. 
rmatioiL 
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cnmposed  of  that  rock  ;   snd  that  there  also  it  ia  interBtratified 
TertiAry  echiata  is  evidenced  by  the  plant-remaiua   that,  od  ttii. 
Assakak  glacier,  lie  mixed  with  pieoea  of  ba^t  on  the  bih&m  d 

Here  also  was  found  a  piece  of  bualt  with  wood  immedirielT 
inclosed  in  the  basalt ;  bat,  with  this  one  exception,  all  the  fb«il> 
have  been  foond  in  the  Coal-bearing  sand  and  clay  beds  which  ao 
company  the  basalt,  and  in  Greenland  are  met  with  only  in  the  banU 
regiona.  I  hare,  however,  no  donbt  that  organic  remains  will  bt 
found  in  the  red  basalt  clay  that  lies  between  the  real  basalt  heit, 
though  we  bad  not  time  to  look  for  them. 

The  fossils  in  the  sedimentary  strata  of  the  trap- formation '  ii 
Greenland  consist  exclusively  of  plant-renuuns,  and  fragments  d 
one  or  two  insects  and  fresh-water  moIluBca;  there  are  no  trace*  of 
marine  mollusca  nor  Tertebrate  animals.  An  extensive  continaL 
then,  occupied  this  portion  of  the  globe  at  the  time  when  these 
strata  were  deposited ;  and  the  abundance  of  the  sand  strata,  farther- 
more,  seems  to  indicate  that,  during  the  Uretaoeons  and  Tertiuj 
Periods,  this  was  a  vast  sandy  desert,  varied  only  by  oases  of  in- 
considerable extent.  At  that  time  there  were  no  glaeiera  in  the*e  ytrit. 
For  the  sand  strata  contain  no  traces  of  any  such  erratic  blocks  oi 
large  boulders  as  always  accompany  and  diaracterin  the  Glaoa) 
formations,  and  which  are  met  widi  even  in  loose  clay-beds  <£ 
Glacial  origin,  which,  where  a  Habsequent  denudation  has  taken 
place,  cover  the  beds  of  basalt  and  Tertiftry  Band.  I  ought  however 
to  mention  thnt  in  places  where  hoth  the  modem  Glacial  forma- 
tion and  a  part  of  the  subjacent  Tertiary  sand  have  been  washed  awsy, 
sections  often  occur,  which,  on  a  cursory  examination,  seem  to 
indicate  that  the  Tertiary  sand  contains  a  vast  quantity  of  erratic 
granite  and  gneiss  blocks.  But  wherever  time  permitted  us  to  make 
a  careful  investigation,  or  where,  as  is  the  case  in  most  of  the  places 


\ 


'  I  htvo  prncrred  thin  nnniG  at  ■atteA  in  Creenluid  as  a  common  dpnominitioii  for 
.  the  Cretacvoun  rormation,  dnk'nlc,  diabase,  basalt,  the  Tertiar;  strata  inclniled  in 
bsnalt,  u  alji>  Ibe  elnita  at  Sbiiiltk  and  Foilaiok,  probably  depiMiled  ahortl;  after  tlu 
"—"'■'''11  of  the  oniptioa  ct  thc^iaaal^ 
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-surikere  plant-remamB  are  found,  firesh  perpendicular  sectionB  are 
^aspoeed,  it  has  beoome  evident  that  theae  blooks  hare  been  washed 
.  ;  dinm  from  Buperjacent  more  reoent  Glacial  strata  (b),  and  in  no  wise 
bsloDged  origumlly  to  the  Tertiary  strata  (a),  in  whidi  they  now  lie. 
zt  The  aooompanying  figures  show  this  clearly : — 


These  Tertiary  bods  therefore  do  not  afford  any  evidence  that  the 
favourable  climatic  circumstancea  of  the  Tertiary  eia  have  been 
interrupted  by  a  separate  Glacial  period,  whioh  has  subsequently 
disappeared.  The  Cretaceous,  Miocene,  and  reoent  sand-beds  are  in 
outward  appearance  perfectly  alike,  and  if  a  new  elevation  should 
expose  the  sand-beds  now  in  process  of  formation  iu  many  places  at 
the  bottom  of  the  Waigat,  these,  wherever  they  were  destitute  of 
or^ianio  remains,  would  be  very  difGcult  to  distinguish  from  the 
Cretaceous  sandbeds  at  Kome,  or  the  Miocene  beds  at  Atanekeidlak, 
Isungoak,  etc 

It  was  formerly  supposed  that  the  whole  Goal-formation  of  Green- 
land belongs  to  the  same  geological  period.  Heer's  important  dis- 
covery, that  the  beds  at  Kome  and  Atanekerdluk  belong  to  two 
vridely  difi'erent  periods,  showed  that  this  is  not  the  case.  Subse- 
quently a  atone  was  foimd  in  Disko  containing  an  impression  of 
a  real  Bigillaria.  This  stone,  however,  appears  either  to  have  been 
brouf^t  hither  as  ballast  or  by  ioe.  At  least,  we  could  not  anywhere 
in  these  parts  discover  beds  belonging  to  the  old  Carboniferous 
Period.*  The  discovery  of  Heer  was  not  only  confirmed  by  our 
researches  last  summer,  but  we  also  discovered  plant-remains  from 
one  or  two  geological  horizons  quite  new  for  N.W.  Greenland. 

In  the  description  of  these  I  follow  the  chronological  order,  be- 
ginning with  the  oldest, 

L — The  Kome  ttrata  (older  division  of  the  Cretaceous  formation, 
aoDordiog  to  Heer). 

By  this  name  I  designate  a  sedimentary,  coal-beanng  formation, 
ooourring  here  and  there  between  Kome  and  Ekkorfat,  on  the  line  of 
the  ooast  of  Nonrsoak  peninsula,  situated  8.W.  of  Omeuak.    The 

<  FomU«  tealljr  belonging  to  lh«  Coal  period  haT«  mow  ^Kj.^n^'uoatil  \%1\^^MK^ 
towi,  by  Dr.  SmtMioS,  at  Xndliset. 
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name  is  taken  from  the  place  where  the  chief  coal-bed  ia  found,  and 
from  which,  in  all  probability,  the  plant  impresaions  came,  wbiA 
were  bi'ought  thence  by  Giesecke  and  Rink.  These  strata,  howevo; 
occur  not  only  at  Rome,  but  all  along  the  above-mentioned  oout 
with  the  exception  of  a  few  interruptions  by  g^neiss  hills.  Tl» 
Kome  strata,  as  the  accompanying  section  shows,  rest  inmiediatelf 
upon  undulating  gneiss-beds,  probably  filling  up  old  valleys  and  d^ 
pressions  between  them.  Higher  up  the  gneiss  is  covered  by  emp- 
tive  rock.  The  strata  generally  lie  tolerably  horizontal,  sometime! 
even  with  a  dip  inwards  of  as  much  as  20^  towards  the  peninsols  of 
Noursoak.  They  arc  most  developed  in  the  neighbourhood  of  the 
two  extremities,  Ekkorfat  and  Kome,  where  the  thickness  exceedi  i 
thousand  feet 

As  the  plant  fossils  occur  almost  exclusively  in  the  lowest  stnti, 
we  cannot,  without  a  careful  examination  of  the  few  fossils  we  hsn 
brought  home  from  the  upper  strata,  decide  whether  the  whole  of 
this  vast  series  of  strata  belong  to  the  same  geological  formation  or 
not.  It  is,  however,  probable  the  upper  portion,  distinguished  hj 
its  thick  coal-bed,  belongs  to  the  next  division. 

Most  i>art  of  the  Kome  strata  consists  of  sand  or  a  loose  sandstone, 
often,  however,  intorstratified  with  beds  of  slate  and  bands  of  cosL 
Tlie  slate  is  generally  mixed  witli  sand,  and,  as  it  were,  thorougfalj 
corroded  by  acids,  and  in  these  cases  so  loose  that  the  plant  fossils 
it  may  perhaps  contain  can  scarce!}'  be  preserved.  Fortunately  there 
is  also  found,  especially  in  the  neighbourhood  of  the  lowest  oojil- 
beds,  a  harder,  sometimes  argillaceous,  sometimes  talcose,  slate  with 
numerous  impressions,  chiefly  of  ferns  and  Conifene  (not  only  twigs, 
but  cones,  seeds,  and  leaves).  The  leaves  especially  occur  iu  abinicl- 
ance.  genemlly  transformed  into  a  dark  brown,  semitransparoiit, 
l>archment-like  mass,  resembling  the  vegetable  parchment  which  is 
produced  by  the  action  of  sulphuric  acid  on  lignite.  Some  Ms 
occur  in  which  these  leaves  are  so  numerous  that  the  beds  form  a  felt, 
which  is  flexible,  and  can  almost  be  ravelled,  woven  of  leaves  and 
other  similarly  transfonne<l  remnants  of  plants.  It  is  possible  that 
this  fossilization  depends  upon  the  action  of  the  acid  gases  which 
have  come  forth  during  the  volcanic  eruptions  and  condensed  them- 
selves in  the  waters  of  the  locality,  and  thus  that  the  condition  of 
the  fossil  leaves  is  connected  with  the  extremely  corroded  appearance 
of  the  slate  and  sandstone. 

Tlie  most  im]K)rtant  of  the  coal-beds*  occur  in  the  upper  part  of 
the  strata  at  Kome,  but  bands  of  ooal  are  intorstratified  with  the 
slate  in  many  other  places,  ])ut  they  aro  not  very  extensive,  thongh 
sufficient  to  provide  a  few  Greenland  households  with  the  few  tons 
of  coal  they  want  in  the  year.  At  present,  according  to  the  state- 
ment of  the  Governor  of  tho  colony,  coal  is  thus  collected;  not  only 
at  Kome,  but  also  at  Sarfarfik,  Pattorfik,  Avkrusak,  and,  though  less 
frequently,  at  Ekkorfat. 

To  this,  or  rather  to  a  still  more  recent  formation,  belongs  also 

'  Ab  stated  ahovo,  tbc  coa\-\K^  i^To\»k\A^  do  uot  belong  to  the  wtder,  bat  to  the 
ttpper  Cretaceous  (the  Atanc  A>«dAV 
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be  remarkable  layer  of  graphite  at  Karsok,  and  probably  also  the 
ajrer  of  graphite  at  Niakomet.  One  has  to  pass  over  a  tolerably 
xtensive  subjacent  band  of  gneiss  before  arriving  at  the  sedimentary 
ferata,  which  appear,  with  a  steep  inclination,  on  the  bank  of  the 
Larsok  river  at  a  height  of  840  feet.  Afterwards,  slopes  of  basalt, 
oulders,  gravel  washed  down  from  the  mountains,  etc.,  continue, 
iU,  at  a  height  of  1150  feet,  one  arrives  at  a  terrace  covered  with 
;ravel,  in  which  a  few  angular  fragments  of  graphite  may  be  dis- 
overed,  as  also  angular  fragments  of  a  hard  sandstone  impregnated 
Tith  coal.  In  consequence  of  the  unfitness  of  our  Qrecoiland  as- 
istants  for  real  labour,  our  attempts  to  dig  through  the  strata  of 
;ravel,  and  reach  the  graphite  bed,  were  unsuccessful ;  but  we  were 
afoi-med  by  Capt.  G.  N.  Brockdorff— master  of  the  diip  which,  in 
850,  was  to  have  taken  out  a  cargo  of  graphite  to  Europe,  and 
rhich  actually  carried  over  about  five  tons  of  that  mineral — ^that  the 
japhite  here  forms  a  horizontal  bed  eight  to  ton  inches  thick, 
overed  with  clay,  sand,  and  angular  fragments  of  sandstone.  This 
iteresting  graphite  bed  does  not  contain  any  organic  remains ;  but 
B  both  the  underlying  Cretaceous  strata  and  those  of  graphite  lie 
orizontally  and  in  the  neighbourhood  of  each  other,  tmd  the  latter  is 
Ituated  about  300  feet  higher  up,  it  is  evident  that  the  graphite  at 
Zarsoh  belongs  either  to  the  Cretaceous  or  to  a  still  later  period, 

{To  he  continued  in  our  next) 


ISrOTIOES      OIF      DS^EDS^OIRS. 

. — On  the  Oooubbbnob  of  thb  "Chalk  Book"  nxab  Salisbuby. 
By  William  Whitakbb,  B.A.  (Lend.),  F.G.S.,  of  the  (Jeological 
Survey  of  England. 

[From  the  Magazine  of  the  Wiltshire  Archseological  and  Natural  History 

Society,  vol.  xiii.,  1871,  p.  92.] 

[N  1861  a  bed  was  described,  under  the  name  "Chalk-rock," 
which,  in  the  counties  of  Wilts,  Berks,  Bucks,  Oxon,  and  Herts, 
demed  to  form  the  top  of  the  l^pwer  Chalk.^  Its  occurrence  in  the 
ale  of  Wight,  though  in  a  less  marked  form,  has  since  been  noticed  f 
3me  new  sections  in  North  Wilts  have  been  described  in  the  Wilt- 
liire  Society's  Magazine  by  my  friend  Mr.  T.  Codrington,'  and  I 
are  also  seen  it  in  Bedfordshire^  and  Dorsetshire.  As  it  is  open  to 
lew  near  the  town  (Wilton)  where  the  Society  is  to  hold  its  meet- 
ig  this  year  (1870),  a  description  of  two  sections  in  that  neigh- 
ourhood  may  perhaps  be  acceptable. 

The  Chalk-rock,  where  best  developed  (from  near  Marlborough  to 
dar  Henley-on-Thames),  is  a  hard  somewhat  crystalline  cream- 

^  Qnart.  Joom.  Geol.  Soc.,  vol.  xvii.,  p.  166.    See  also  Oeologieal  Surey  Memoirs 

I  Sheet  13,  p.  19  (1861),  and  on  Sheet  7,  p.  6  (1864). 

"*  Quart.  Joum.  Geol.  Soc,  vol.  xxi.,  p.  400.  '  Vol.  ii.,  p.  167. 

*  Mr.  J.  Saunders,  whose  notice  I  called  to  this  hed,  haa  dofimViv^  «^  ^«&>i^^ 

iton,  GiOL.  Mao,,  YoL  IY,,  p.  154. 
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coloured  obalk,  ringing  when  stmck  with  the  hammer,  jointedi  al 
with  layers  of  irregalar-shaped  green-ooated  nodules.  Sometiioi^ 
however,  it  consists  simply  of  one  hard  nodular  layer. 

In  the  cutting  on  the  South- Western  Bail  way  just  north-eaitof 
Barford  St  Mary  (west  of  Salisbury),  there  is  a  good  thickneMof 
the  Upper  (or  flinty)  Chalk,  the  flint  occurring  bom  in  the  fom  of 
nodules  and  of  thin  tabular  layers.  From  below  this  the  Lowv^ 
Chalk  (which  here  contains  a  few  flints)  rises  westward  at  a  i&f 
small  angle ;  it  is  hard  and  of  a  somewhat  nodnlar  structure,  andi 
(or  close  to)  the  top  has  a  layer  of  green-coated  nodules.  TUs  M 
nodular  layer  is  tlie  bed  to  which  I  wish  to  draw  attention,  not  onl^ 
on  account  of  its  wide  range  and  distinct  character,  but  also  beonv 
it  yields  a  somewhat  peculiar  set  of  fossils. 

A  better  section  is  given  by  a  smaller  cutting  close  by  westwtvl 
where  the  chalk-rock  (dipping  2^  or  8^  eastward)  forms  a  hard  ledga 
a  foot  or  more  thick,  with  green-coated  nodules  at  its  well-maiM 
top,  sharply  dividing  it  from  the  chalk  above,  whilst  on  the  oths 
hand  it  passes  down  into  nodular  chalk,  both  hard  and  soft,  in  whidi 
another  but  fainter  bed  of  the  **  rock"  occurs  about  five  feet  hekm 
the  layer  of  nodules.  There  are  flints  in  the  Upper-Chalk,  and  tiuB 
layers  of  marl  in  the  Lower. 

As  these  sections  are  very  near  the  outcrop  of  the  Upper  Grees- 
sand,  it  follows  that  the  Lower  Chalk  and  the  Chalk  Marl  are  com- 
paratively thin  hcre.^ 


II. — Forty-second  Meeting  of  the  British  Association  for  thi 
Advancement  or  S<;ience.  Brighton,  August  14th  to  218T. 
1872.     Papers  Bead  before  Section  C.  (Geology.) 

R.  A.  C.  Godwin-Austen,  Esq.,  F.ll.S.,  FresidtHi. 

Address  by  the  President,  B.  A.  C.  Godwin-Austen,  F.R.S. 

Prof,  E.  Hull,  FM.S.—On  the  Baised  Beach  of  the  North-East  of 

Ireland. 
Jas.  Howell — On  the  Supra-Cretaceous  Formation  in  the  Neigbboui- 

hood  of  Brighton. 
IF.  Topleijy  F.G.S.^On  the  Sub-Wealden  Exploration. 
G,  A,  Lehour,  F.G,S. — On  the  Geological  Distribution  of  Goitre  in 

England. 
TT.  Fengelly,  f.B.S.— Eighth  Bcport  of  the  Committee  for  the  Ex- 
ploration of  Kent's  Cavern,  Torquay. 
W,  Pengelly,  F.R.S, — Notes  on  Maehairodxis  latidena  found  in  Kent's 

Cavern,  Torquay. 
W.  B.  Carpenter,  M.D.,  V.P.B.S. — On  the  Temperature  and  other 

Physical  Conditions  of  Inland  Seas,  considered  in  refereuoo  to 

Geology. 
Henry  Hicks,  F.G.S. — On   the  Cambrian  and  Silurian   Bocks  of 

Bamsey  Island,  St.  David's. 

*  A  very  good  exampk  of  l\i<i  "CU%.lk  ^ock"  mof  be  seen  on  the  top  of  Whit«- 
sheet  fliU,  South  W  iite,    ll  \ft  \\icic  ^XyroX.  xJbx^  Iwx  m ^^iSumm^:— W .  ijiumis^' 
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J.  JBbphinaon — On  the  Ooourrenoe  of  a  remarkable  Group  of  Grapto- 

lites  in  the  Arenig  Bocks,  St.  David's. 
H,  O.  Stdey,  F.GF.S.— On  the  Oocorrenoe  of  a  Britbh  Fossil  Zeuglodan 

at  Barton,  Hants. 
Prof.  E.    Heberi — Sur  les  divisions  de  la  Craie  en  France,  leurs 

limites  et  leur  faune,  I'identite  de  ces  divisions  des  cotes  da 

detroit 
James  Thomson,  F.O.S. — ^Fourth  Report  of  the  Committee  for  the 

Continued  Investigation  of  Mountain  Limestone  Corals. 
James  Bryce,  LL.B.,  F,0,S, — ^Report  on  Earthquakes  in  Scotland. 
WiXUam  Jolly — Report  on  the  Discovery  of  Fossils  in  certain  remote 

parts  of  the  N.W.  Highlands. 
Prof.   IT.  AUeyne  Nicholson,  M,D.,  RB.S^.— On  the  Geology  of 

Thunder  Bay  and  Shabendowan  Mining  Districts  on  the  North 

Shore  of  Lake  Superior. 
Prof.  H.  d.  Nicholson ---On  Ortonia,  a  new  genus  of  Fossil  Tubicolar 

Annelides,  with  Notes  on  the  G^nus  Tentactdites. 
Bev.  Canon  Tristram,  F.B.8. — On  the  Geology  of  Moab. 
Prof.  Edward  Hull,  F.B.S.— On  the  Trachyte  Porphyry  of  Antrim  and 

Down,  Ireland. 
Prof  James  Hall — ^Note  on  the  Occurrence  of  Erect  Bases  or  Trunks 

of  Psaronius  in  the  Devonian  Rocks  of  New  York,  U.S.A. 
W.  CarrtUhers,  F.B.S. — On  the  Tree  Ferns  of  the  Coal  Measures  and 

their  Affinities  with  Existing  Forms. 
Prof  Albert  Gaudry — Sur  les  Animaux  Fossiles  du  Mont  Leberon. 
Prof  James  Hall — On  the  Geographical  Distribution  of  the  Middle 

and  Upper  Silurian  (Clinton,  Niagara,  and  Upper  Helderberg) 

Formations  in  the  United  States. 
Thomas  Davidson,  F.R.S. — Brief  Notice  of  the  Present  State  of  our 

Knowledge  in  Connexion  with  the  Brachiopoda. 
Henry  Woodward,  F,0,S;  F,Z,S, — Sixth  Report  on  Fossil  Crustacea. 
Bev.  John    Gunn — On   the   Prospect  of  Finding   Productive   Coal 

Measures  in  Norfolk  and  Suffolk,  with  Suggestions  as  to  the 

Places  best  adapted  for  an  Exi>erimeutal  Boring. 
Thomas  Davidson,  F,B.S.,  and  Prof  William  Kingj  D.Sc. — Remarks 

on  the  Genera  Trimerella,  Dinobolus,  and  Monomerella. 
0.  vom  Rath — On  a  Remarkable  Block  of  Lava,  ejected  by  Vesuvius 

during  the  Great  Eruption  of  April,  1872,  Proving  the  Forma- 
tion of  Silicates  by  Sublimation. 
J.  Gwyn  Jeffreys,  F.R.S. — A  Few  Remarks  on  Submarine  Explorations, 

with  References  to  M.  Delesse's  Work,  "Lithologie  du  Fond  des 

Mers." 
Dr.  Leith  Adams,  F,B,S. — Report  on  the  Fossil  Elephants  of  Malta. 
W.  Boyd  Daickins,  M.A,,  F,R.S, — On  the  Physical  Geography  of  the 

Mediterranean  during  the  Pleistocene  Age. 
Charles  Moore,  F.G.S. — On  the  Presence  of  Naked  Echinodermata 

(Holothuria)  in  Oolitic  and  Liassic  Beds. 
John  Edward  Lee,  F,G,S. — Notice  of  Veins  or  Fissures  in  the  Keuper 

filled  Rhffitic  Bone-bed  at  Goldcliff  in  Monmouthshire. 
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Bohert  Sim,  M.D. — On  Certain  Qaartz  Nodules  oocurring  in  tk 

Crystalline  Schists  near  Killin,  Perthshire. 
W.  Molyneux,  F.0.8, — On  the  Occurrence  of  Copper  and  Lead  Opm 

in  the  Bunter  Conglomerates  of  Cannock  Chase. 
T.  Ogier  Ward,  M,D. — On  the  Formation  and  Stratification  of  Sedi- 

ment^^  Rocks. 
T.   Ogier   Ward,  Jlf.D.— On  Slickensides,  or  Rubbed,   Polished,  or 

Striated  Rocks, 
r.  McK.  Hughes — On  the   Announcement  by  Mr.  J.  W.  Judd  erf 

Cretaceous  Rocks  in  the  Western  Islands  of  Scotland. 
Prof.  Tennant — To  Exhibit  Specimens  of  Diamonds  from  the  df^ 

of  Qood  Hope. 
E.  R,  Beadunn — On  the  Arigna  Coal  and  Iron  District  of  the  West  of 

Ireland. 


Gbologists'  Association.  —  July  5,  1872.  —  J.  U.  Dott,  Esq., 
in  the  Chair. — 1.  **  Corhicula  fluminalis,  its  Associates  and  Distribs- 
tion,"  by  Alfred  Bell. 

Having  traced  the  distribution,  both  in  place  and  time,  of  Corhtetda 
fluminalis f  the  author  pointed  out  its  value  in  discriminating  varioas 
geological  horizons,  especially  in  the  valley  of  the  Thames,  and 
commented  on  the  peculiar  distribution  of  the  different  species  of 
TJnio  associated  with  it,  JJnio  littoralis  only  occurring  in  the  gravelfl 
and  brick-earth  of  Kent,  at  Crayford,  and  Erith,  and  JJnio  tumidui 
and  JJnio  pictorum  being  equally  confined  to  those  of  Essex  and 
Middlesex,  at  Grays,  Ilford,  and  Hackney  Downs. 

The  difference  in  the  size  of  the  Corbicula  from  these  localities 
was  also  noticed,  and  the  inference  suggested  from  these  peculiarities 
was,  that  the  Essex  gravels  and  brick-earth  were  newer  than  those 
of  Kent  All  these  were,  however,  anterior  to  those  gravels  in  the 
Thames  Valley  which  have  yielded  palaeolithic  flint  implements, 
none  of  which  have  produced  either  the  Corbicula  or  JJnio  littoralis, 
A  cast  of  a  flint  flake  found  at  Crayford  by  the  Rev.  Osmond  Fisher 
below  the  Corbicula-beds  was  shown  by  the  author,  who  did  not 
concur  in  its  being  indicative  of  the  presence  of  man  at  that  early 
date,  since,  he  considered,  natural  agencies  were  equally  capable 
of  producing  such  flakes.* 

2.  "  On  the  Dip  of  the  Chalk  in  Norfolk,  and  the  Remains  of  Old 
Land-surfaces  called  the  *  Stone-bed,* "  by  John  Gunn,  M.A.,  F.G.S. 

Mr.  Gunn  showed  that  the  dip  of  the  Chalk  from  Hunstanton  to 
Yarmouth  averaged  twenty-nine  feet  per  mile.  This  he  arrived  at 
by  computing  the  extent  of  tlie  surface  of  the  Chalk  from  Norwich 
to  Yannouth,  where  the  Chalk  was  reached  by  the  boring  of  an 
artesian  well,  and  the  extent  of  the  base  of  the  Chalk  from 
Hunstanton  to  Norwich,  where  it  was  perforated  by  a  similar  boring. 
On  this  inclined  plane  of  the  Chalk,  the  strata  were  successively 

i  The  flake  in  question  is  undoubtodly  of  human  workmanship.    See  Gbol.  Mao. 
17^  Vol  LX.,  p.  268.— Edit.  GiaoL.  Miia. 
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deposited  :  First,  the  Lower  Tertiaries,  then  Antwerp  beds,  then  the 
Forest-bed,  then  Freshwater,  then  Fluvio-marine  beds  (including 
the  Norwich  Crag),  then,  in  increasingly  deeper  water,  the  Chilles- 
ford  Sands  and  Clays  (including  the  Aldeby  or  Taylor's  Crag),  then 
the  Marine  pebbly-beds,  and  then  the  Lower  Boulder-clay. 

This  succession  of  strata  is  borne  out  by  the  Mammalian  remains, 
"which  are  found  in  the  Stone-bed  upon  the  surface  of  the  Chalk, 
which  consists  of  flints  abraded  from  the  Chalk.  To  such  an  extent  has 
it  heen  abraded  by  pluvial  action  and  strong  currents,  that  the  Chalk 
at  Hunstanton  is  reduced  to  nil ;  and  there  can  be  no  doubt  it  was 
once  deposited  there,  as  in  other  parts  of  the  county,  from  the  immense 
masses  of  Chalk- with-flints  which  are  bouldered  in  that  district. 

The  Mammalian  remains  consist  of  the  Mastodon  ArvemensiSf  the 
Elephas  meridianaliSy  and  a  great  variety  of  deer  and  other  animals  I 
The  Mastodon  is  found  in  the  Stone-bed  associated  with  the  Elephas 
meridioncUis,  but  is  not  found  in  the  Forest-bed.  The  El^has 
meridionalis  abounds  in  the  Forest-bed,  but  has  not  been  discovered 
in  the  Fresh-water,  or  Fluvio-marine  beds,  including  the  Norwich 
Orag.  The  so-called  '^  Msuumaliferous  Crag,"  when  united  with  the 
Btone-bed,  was  said  to  yield  the  Mastodon  and  Elephas  meridionalis^ 
but  ia  now  proved  to  be  almost  non-mammaliferous.  Mr.  Gunn 
gJbo  pointed  out  that  the  Bone-bed  in  Suffolk,  upon  the  surface  of 
tho  London  Clay,  containing  the  debris  of  Miocene-beds,  is  formed 
under  similar  conditions  to  the  Stone-bed  in  Norfolk,  and  that  the 
changes  of  the  fauna  indicate  the  long  periods  of  time  occupied  by 
these  several  and  respective  formations. 


♦ 

UN  10  LIMOSUSy  NILSSON,  IN  THE  CRAG. 

Snt, — ^It  is  so  seldom  that  the  opportunity  offers  of  adding  to  the 
lists  of  fossils  of  the  Post-glacial  freshwater  gravels,  any  species 
foreign  to  the  present  British  fauna,  that  the  discovery  of  a  fine 
Unio  may  be  regarded  with  some  interest  The  species  referred  to 
is  the  tfnto  limosus  of  Nilsson,  Hist.  Moll.  Succ.,  p.  100,  and  is 
fignred  by  Rossmasler,  Iconographies  fig.  199.  It  lives  in  the  rivers 
of  Sweden,  Denmark,  and  Northern  Germany.  My  largest  speci- 
men measures  2 Jin.  lat.  1^  long.  Locality,  Barnwell,  near  Cam- 
bridge. Mr.  Jesson,  I  believe,  was  the  discoverer  of  this  interesting 
addition  to  our  fossil  fluviatile  fauna.  Alfbsd  Bell. 


FURPURA  LAFILLUS  IN  THE  COEALLINE  CRAG. 

Sib, — "With  reference  to  the  article  in  your  last  Number,  on  a  fossil 
Hydraetinia  from  the  Coralline  Crag,  by  Dr.  Allman,  enveloping  two 
specimens  of  Purpura  lapillus^  I  would  remind  your  readers  that  this 
Mollusc  is  at  present  unknown  from  the  Cor.  Crag.  Has  Dr.  Allman 
found  it  ?  Searles  V.  Wood. 

Bbbntwood,  Essex. 
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GcoLOOY  OF  TOTB  Straits  OP  DovKR. — ^The  snbject  of  a  raOwsf 
connexion  between  England  and  Franoe  has  for  some  time  put 
busied  the  minds  of  Engineers.  Proposals  have  been  made  for  a 
Bridge  over  the  sea,  a  Tube  on  its  bed,  and  a  Tunnel  beneath  tiie 
bed  of  the  sea.  With  the  third  scheme  many  geological  oonsidert- 
tions  are  of  course  involved,  and  we  are  glad  to  see  that  the  subject 
has  been  ably  discussed  by  Mr.  W.  Topley,  F.G.S.,  in  the  Qnarteih 
Journal  of  Science,  for  April.  Plans  for  timnels  in  two  positiom 
have  been  put  forward,  the  one  to  be  made  wholly  through  the 
Chalk  between  Dover  and  Calais ;  the  other  through  the  Lower 
Greensand,  and  probably  the  Wealden  and  Upper  Oolites,  between 
Folkestone  and  Cape  Gris-nez.  Mr.  Topley  points  out  the  geolc^- 
cal  structure  of  the  English  and  French  coasts  in  proximity  to  these 
proposed  tunnels,  and  gives  a  little  geological  map  of  the  land  with 
the  probable  outcrops  of  the  formations  beneath  the  water ;  though 
on  this  point  he  acknowledges  there  is  not  sufficient  evidence  for 
much  exactness.  The  tunnel  from  Folkestone  would  pass  through 
a  number  of  different  bods,  tlie  changes  in  which  it  would  bo  diffi- 
cult to  estimate,  for  the  Lower  Greensand  and  Wealdon  beds  thin 
out  in  a  very  remarkable  manner  towards  the  Continent,  Moreover, 
in  thoso  beds  a  good  deal  of  trouble  might  be  expected  from  water. 
Mr.  Toploy  thoreforo  points  out  that  the  other  tunnel  fivm  Dover 
would  he  tho  least  difficult  undertaking.  It  could  be  taken  for  most, 
if  not  all  tho  way,  through  tho  Lower  Chalk,  and  he  shows  that  very 
little  t]X)uble  need  bo  anticipated  from  water  in  penetrating  this 
formation.  And  lastly  he  mentions  that  there  is  no  reason  to  sup- 
pose that  any  great  fault  will  be  met  witli  during  the  progress  of 
the  work. 


Eimjptcnis  {Artliropleura)  mammafna,  Salter.  This  species  was 
figured  and  described  by  Mr.  J.  W.  Salter  in  18G3.  (See  Quart. 
Journ.  Geol.  Soc.  vol.  xix.  pp.  81-87.)  It  occurs  associated  witb 
plant-remains  in  the  "  Ferny  metal  "  bed,  Pendleton  Colliery,  near 
Manchester.     It  is  only  known  from  a  series  of  fragments. 

A  recent  examination  by  Mr.  W.  Carruthers,  F.R.S.,  has  fullv 
confirmed  the  opinion  of  Mr.  Henry  Woodward,  that  these  speci- 
mens (with  two  exceptions)  are  not  Crustacean,  but  Vegetable 
remains  referable  to  the  Ulodendron.  The  two  portions  not  be- 
longing to  Ulodendron  are  referred  to  Jordan's  genus  A  rthroplewra. 
which  may  be  a  Cnistticean,  but  is  more  probably  a  gigantic 
Arachnido ;  it  is  certainly  not  a  Eurypterus, 
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But  in  the  specimon  under  consideration  we  have  the  oepbalic, 
thoracic  and  abdominal  divisions  still  remaining  distinctt  and^ 
parently  capable  of  separate  flexure.  This  important  charaoter  at 
once  separates  it  from  LimuluM,  BeUinurm,  and  Pre9tmehia.  I  hii^s 
on  this  account^  not  used  the  MS.  name  of  LimuUndei  as  a 
generic  appellation,  but  have  proposed  the  name  HemioMpU  (from 
fffjuov^,  half,  and  aawUf  cl  shield),  reserving  the  MS.  name  Uwn- 
hides  for  the  specific  title  of  the  most  perfect  speciea  of  the  genus. 
(See  Plate  X.,  Figs.  1,  2.) 

But  it  will  be  observed  that  Hemiaspis  is  also,  in  general  appearoMt, 
strongly  severed  from  the  other  species  of  Eurypterida,  ayi  well  ai 
from  the  Xiphosura,  in  structure. 

The  three  divisions  into  head,  thorax,  and  abdomen  are  mon 
strongly  marked.  The  abdomen  is  reduced  to  very  slender  pro- 
portions, less  than  one-third  the  length  of  the  animal  (the  entire, 
specimen  measuring  2^  inches  in  length  by  one  inch  in  width). 

The  carapace  in  general  outline  resembles  LimuluB,  but  is  mon 
dilated  laterally.  There  is  a  small  stellate  ornamentation  in  tho 
centre  of  each  cheek,  having  five  to  six  rays,  and  measnring  aboat  • 
line  in  extent ;  but  whether  this  represents  the  position  of  the  eyes 
I  am  quite  unable  to  say.  It  is  unlike  the  eye  of  any  other  member 
of  the  group,  which  causes  me  to  doubt  its  relation  to  that  ozgan. 
It  seems  more  probable  that  the  eyes  were  placed  along  the  latenl 
margin  of  the  glabella,  not  upon  the  centre  of  the  cheek. 

There  is  a  faint  indication  on  one  side  of  Fig.  1  and  on  Fig.  2  of 
a  facial  suture  to  the  head-Kliield  (as  in  the  Trilobites),  with  a  small 
aperture  upon  its  border,  which  may  possibly  indicate  the  true  posi- 
tion of  the  eye,  but  it  is  by  no  means  clearly  defined. 

Tlie  surface  of  the  glabella  when  perfect  (as  in  Plato  X.  Fig.  2) 
appears  to  have  been  almost  smooth,*  save  that  it  is  traversed  by  two 
ridges  which,  commencing  as  raised  tubercles  on  the  jwsterior 
border  of  the  head-shield,  three  lines  apart,  gradually  converge  and 
unite,  so  as  to  form  an  arch,  the  summit  of  which  nearly  touches  tbe 
front  border  of  the  glabella. 

Nine  niy-like  corrugations  descend  from  the  glabella  towards  the 
margin  of  the  shield,  and  the  whole  surface  of  the  carapace  is  very 
minutely  granulated.  The  head-shield  is  armed,  on  each  side,  near 
the  rounded  posterior  angles,  with  two  principal  spines  directed 
backwards,  whilst  a  fringe  of  lesser  ones  ornaments  each  lateral 
genal  border. 

Tlie  thorax  is  com})osed  of  six  strongly  trilobed  plates,  the  epimera 
being  e(iual  in  l)rcadth  to  the  central  portion  of  each  segment. 

Tho  first  segment  is  the  largest,  being  1  line  in  depth  and  1\  iu 
breadth,  including  the  ei)imora,  which  are  pointed  at  their  extremi- 

^  With  the  concurronc«  of  Mr.  Salter  given  at  the  time. 

^  In  the  uri;;inal  description  of  the  glabella  of  Hemiaspis  limuloide*  (see  Quart 
Joiirii.  Otol  Sue.,  180),  vol.  xxi.  p.  490)  1  have  described  the  glabella //•«/!»  <i  f/r^nfW 
p<trtiim,  "  as  oniaineiited  with  a  heiiiieircle  of  nine  tubercles,  and  a  tenth  ininiediatelT 
within  the  circle  upon  tlie  elevated  front,  and  two  small  tubercles  at  the  posterior 
mar^nn."  The  aequiifiition  of  the  second  specimen  (Plate  X.  Fig.  2)  proves  thiii 
fragiuvnt  to  belong  to  auothei  spv^i^,  iio\.  \a  H.  UmuloidM,  vk  Cormerlj  supposed. 
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THE  OBDEE  MeBOSTOMATA. 

By  Henry  Woodward,  F.G.S.,  F.Z.S. ; 
of  the  British  Museum. 

(PLATE  X.) 

On  the  Gtenus  Hemiaspis,  H.  Woodw.,  1865.* 

pecies  1. — HemisMpis  limtdoides,  H.  Woodw.,  PI,  X.,  Figs.  1  and  2. 

When  I  first  drew  attention  to  this  genus  at  the  Bath  Meeting 
f  the  British  Association  in  1864,  only  one  nearly  perfect  speci- 
len  was  known.  Mr.  Salter  was  acquainted  with  this  form,  so 
jng  ago  as  1857,  and  referred  to  it,  among  other  new  and 
ndescribed  Crustacea,  in  a  paper  "On  som*  New  Palaeozoic 
tar- fishes"  found  at  Leintwardine,  Shropshire,'  under  the  name  of 
AmuloideB.  Portions  of  several  others  had  also  been  met  with,  to 
^-hich  Mr.  Salter  attached  MS.  names  in  the  Museum  of  Practical 
Jeology,  Jermyn-street,  but  they  have  not  been  heretofore  described. 
Tie  most  perfect  of  these  Limuloid  forrajs  was  described  by  me  in  a 
aper  read  before  the  Geological  Society  in  June,  1865.*  (See 
aate  X.  Fig.  1.) 

Since  that  date  other  fragments  have  been  found,  and  also 
nether  nearly  perfect  example  (obtained  by  the  late  Mr.  Henry 
Vyatt-Edgell)  of  the  form  named  by  me  Hemiaspia  limulaides, 
rhich,  having  the  upper  central  portion  of  the  carapace  preserved, 
early  completes  our  knowledge  of  this  species.  (See  PL  X.  Fig.  2.) 
lie  great  interest  attaching  to  this  form  arises  from  the  fact  that  it 
ffers  just  the  desiderated  link  by  which  to  connect  the  Xiphosuba 
dth  the  Eubyftebida.  lAmuli,  apparently  differing  but  little  as 
3gards  their  carapace  from  the  recent  species  now  found  living  on 
le  coasts  of  China,  Japan,  and  the  north-east  coast  of  North  America, 
ocvLT  as  early  as  the  deposition  of  the  Solenhofen  Limestone  of 
(avaria ;  and  in  the  Coal-measures  of  England  and  Ireland  several 
pecies  of  Bellinuri  and  PrestwiehicB  occur,  in  which  behind  the 
Bpbalic  shield  the  body  is  composed  of  five  more  or  less  free 
loracic  segments,  and  the  rudimentary  abdomen,  if  not  anchylosed 
1  all,  is  so  in  most     (See  Plate  X.  Figs.  8,  9,  and  10.) 

^  Extracted  from  the  Author's  Memoir  on  the  Merostomata,  Part  iy.  p.   174. 
bL  8oc.  Mod.,  vol.  for  1872. 

*  See  Ann.  and  Mag.  Nat.  Hist.,  2nd  series,  vol.  xx.,  1857>  V*  ^^^< 

•  See  Quart.  Joum.  Geol.  Soc,  1865,  yol.  xxi.,  p.  490,  pV.  x\\.,tL^.  1. 

roi»  IX.—  NO.  c.  ^% 
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Oesel,  namely,  Pseadoniseiu  aaiUatua  (Woodcot,  '^g-  3),  mJ 
Exapinunt  Sehreitkii  (Woodont,  Fig.  3)  ;  and  Prof.  Eichwmld  bi 
described  a  third  fona  under  the  name  of  Bvnodes  Imnala  (Woodcut 
Fig.  4)  from  the  §ame  rich  locality  and  fotmatioii.' 


All  these  forme  show  three  well-marked  divisions  to  their  bodi«. 
namely,  head,  thorax,  and  abdomen,  and  all  (save  Btutodet)  poeaesed 
a  telsoQ:  or  tail-spine,  and  freo  articulated  thracic  somites. 

In  aJiIitiou  to  Hemintpii  limidoidei,  already  described,  there  art 
certain  otlier  specimens  in  the  Museum  of  Practical  Geology,  w 
whicli  3Ir.  Salter  has  appemled  MS.  names,  namely — 
HtintagpU  {Litauloidei)  speratus,  Salter,  MS. 

„  „  tiibercalalut,    „ 

In  Lowrj-'s  chart  of  the  genera  of  Fossil  CruBtacea  designed  bj 
51r.  J.  W,  Salter  and  myself,  Mr,  Salter  has  figured  a  head-shield  flt 
Hemiatpig  under  the  name  of  IT.  Sitliceyi.  There  can  be  no  doubt 
that  this  form  is  identical  with  Liimiloidtg  tabereiJalm  of  Salter.  I 
consider  his  Limiiloidet  sperntui  and  L.  optatiis  to  represent  but  one 
species,  closely  allied  to  H.  limidoideg.  A  portion  of  the  head-sbifU 
of  another  form  distinct  frnm  the  foregoing,  from  tlie  Wenlock  shite, 
Dudley,  completes  the  known  species  of  H»nintpis. 

Sjvecies  2. — IlemiaspU  gperatm,  Salter,  MS.  sp.,  Plate  X.  Figs- 
5  and  7. 

This  species  is  represented  by  four  head-shields  onlv ;  ihs 
body -segments  are  not  known.  Linmloides  opialiif,  Salter,  HS.,  u 
not  speciticiiUy  distinct  from  L.  speraliu  of  Salter,  and  is  con* 
qncntly  not  retained. 

It  is  no  iloiibt  closely  related  to  H.  limuloidet  already  deacribed, 
but  the  Oiirji]i!ico  is  broiider  in  projwrtion  to  its  len^h,  and  the 
radiating  lines  or  ridges  which  in  that  species  take  their  rise  aronid 

'  '  AntiiF  fiir  (lie  Naturk.  Livoaia.  £slboDia,  and  Kurlanda,'  erate  scrie,  iwdts 
W.,  tub  ii  fip*.  12,  13.  mil  15,  pp.  3rs-38>.   tD»rp»t,  1859.)   8ro. 
^         'Itif  iiist  prt'siblo  thai  l(iTOi)di>s  vnav  nrove  to  bs  an  Arachnid  related  to  ScvOa' 
jtreAiraiif  r«tu-idol>a  froni  \\l\viow,  U.*-%  ">i  A.   niibiKalu,  H..  Voadimd  («t 


H.  Woodward— Notes  on  Palaozoic  Crustacea.        437 

.rgin  of  a  weU-de&ned  central  glabelia,  in  H.  iperatus  extend 
over  the  wliole  anrfaoe,  Bave  a  small 
quadrate  area  at  the  centre  of  the 
posterior  border.  From  this  small 
area  seven  diyeiging  oostse  are  given 
off:  the  three  in  front  being  nearly 
equidistant  and  Btraight,  the  two  next, 
which  rise  from  the  outer  angles  of  the 
central  area,  divide  and  form  a  Y- 
iTtoiw^Ms.'^N™*^  shaped  ridge  on  each  latero-anterior 
t^}  t,  piotabis  pouiioii  of  bolder ;  &&  two  most  posterior  costse 
curve  upwards  and  outwards  &om  the 
or  botder  of  the  glabella  to  the  lateral  margins  of  the  shield, 
e  marked  midway  by  a  minute  lenticular  space,  which  prob- 
idicates  the  position  of  the  eye  (see  Woodcut,  Fig.  5,  e). 

head-shield  is  broadly -arcuate  in  front,  and  the  margin, 
illy  on  the  cheeks,  is  fringed  with  a  closely  set  row  of  minute 
;  the  lateral  angles  of  the  shield  are  truncated,  not  produced 
orly  ;  the  hinder  border  of  the  bead-shield  is  armed  with  four 
itant  spines.  The  surface  of  the  oarap&oe,  especially  around 
rder,  is  covered  with  a  very  minute  granular  ornamentation, 
illowing  measurements  show  the  relative  size  of  the  head* 
of  Hmiospis  iperatus  : 

Bmdtli.  Lenglh, 
15  liaes  T\  line*  (Plate  X.  Fig.  7),  Hm.  Brit 

lOi  .,  6       .>    (        ,.    Fig.  ei 

13    „  9       „    Uiu.  Pract  QeoL 

I!     „  9         ,>  "         ,1 

I  species  is  found  in  the  Lower  Ludlow  Rock  of  Leintwardine, 
represented  by  specimens  of  the  head  only,  preserved  in  the 
I  Museum,  and  in  the  Museum  of  Practical  Qeology,  Jermyn 

lies  3.— Hemiflgjns  horridu*,  H.  Woodw.,  Plate  X.  Fig.  6. 
I  species,  represented  by  a  single  example  obtained  by  Charles 
,  Esq.,  from  the  Tunnel  shale,  Dudley,  and  now  preserved  in 
itieh  Museum,  ia  the  oldest  example  in  time  of  this  curious 

in  entire  the  oarapace  must  have  measured  1^  inch  in  breadth 
nes  in  length ;  the  edge  is  thickly  set  with  prominent  sharp- 
pointed  spines  ^  a  line  to  a  line  in 
u  length,  whilst  two  strong  spines,  2 

mmSm^^!^^^af  ''°^  "*  Unglh,  project  from  each 
H^^^^^^^HPe  posterior  angle  of  the  carapace ;  the 
^^^^^H^^^B  ^  spines  along  the  hinder  border  of  the 
^JHrH^^^B^  uiield,  if  present  in  this  species,  are 
^^^H^^^^^K^^  not  preserved  in  this  example.  The 
median  line  of  the  carapace,  which 
>.— Hmi-ihicid  ot  Hrwiiatpit  is  slightly  tumid,  is  marked  by  one 
ic'ituiB  Tuoaei,  DiuUej.  rounded  and  prominent  tubercle  and 

two  elongated  confluent  ones,  whilst 
ler  side  of  this  median  line  three  othei  dlvei^jiia,\.  ^^i^siti  ^ 
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«I(«mted  tabanle*  ariae  aad  nSato  «iit«nKidB  t*  &e  biiri»  of  ttl 
Bhielo.  T1»  BoiftM  of  ttw  ompM*  botweeu  the  tobendw  u  bt|f 
gmnkted,  witli  han  nd  tltora  s  dif^^y  laigaor  fKmpl*  ipn  th 
•nrboe.    Efw  not  TuiUe. 


I  other  fiunoulB  whiok  aijy  indioate  hhAv 

C.  Fig.  8),  &it  the?  U6  too  fr^EDMUtan  &r  dri» 

liiiiutioD,  and  I  Hwrafine  think  it  beat  nanlj  to  nofaaa  Atm  k 


EpaeiM  (iaa  Plats  X.  Fig.  f 


JWaMlJMi.— Wealock  sbala,  Bnaiv-  The  apeaiiaea  is  uiaaiswl 
in  Ute  Britldt  MaseBm. 

^eoin  4.— BonaqiJi  Ailmyf,' Sslter,  Plate  X.  Fig.  4. 

^ui  apeciea  is  repnsanted  by  two  head-duelda  oolj ;  His  bofr 
eegments,  like  titose  of  tfiepreoBaing8peoiea,areiiotpiusuiiuil  la 
canqMoe,  irhicihfayetj tumid,  ia  aear^ ciniilar  in  ovfliiiBi  ~~'  — 


alJinduainbreaddLaadllnohiBlenatlL    ntapoateriorboate 

of  ii»  sttbella  ta  annad  wift  tm 

largo  apuiflB,  S  Knea  in  lengtli  aad  4 

:%'a  lines  apart,  whilatthnecniuIflrcM^ 


alar  omaaantaUoA;  ttie 
tral  portion  ia  flanked  1^  a 
■of  somewhat  elongated  tobendea; 
within  the  cential  area  are  three  « 
four  roonded  tuberolea  arranged  ia 
two  oblique  rows  about  four  linei 
apart,  oommeaomg  on  the  poaterior 
border  of  the  head  at  the  base  of  the  two  large  spineB ;  one  oenttal 
prominent  tubenole  and  two  leeaer  lateral  ones  oi.  the  &ont  of  tha 
glabella,  oomplete  the  ornamentation  of  the  bead-shteld.  He  vc* 
marked  e  on  the  subjoined  Woodout  (Fig.  3^.  near  the  latero-aatenoc 
bonier  of  the  raised  glabella,  probably  indioates  the  position  of  tba 
eye.  There  ia  a  slight  indication  of  costs  on  the  front  border  of  the 
bead. 

Formation; — ^Tipper  Ludlow,  near  Ludkrw  (Una.  Pniot  Geology, 
Jermyn  St.) ;  Lower  Lndlow,  Ledbury  (Britiui  Moseam). 


Sub'Order  Xipbosoba,  Gronoran,  1761.  Qeaaa  BdUmaiu,  Konig. 
The  name  BeUintmt  ■  was  applied  by  lb;  Charles  ESnig,  ia 
1620,*  to  a  email  form  of  Xtmulus  from  tlie  Goal-meaaurfl  Iroit- 
stone  of  Coalbrook  Dale,  Shropshire,  lie  fossil  waa,  howeve;, 
unaooompanied  by  any  description.     Another  speoimen  of  the  sami 

1  Hemiaipii  Salviyi,  Sslter,  lS6fi.    Ijvwrf*  Clurt  of  Fowl  CbHiiw 

*  From  ^ifAM  a  dart,  uid  vifk  the  tiil. 

'  Eiiiug,    IcODU  Fowliun  Swtilei,  0*nt«ria  &«caadi,  pL  xnii.»  flf.  230. 

(LoudoD.mQ.) 


H.  Woodward — Notes  on  Paimozoie  Orustaeea.       430 

»Sy  also  from  this  olassioal  locality,  is  flgored  in  Backland*8 
« water  Treatise  in  1836/  under  the  name  of  Limulus  trilobitaidei^ 
a  paper  contributed  to  the  ^*  Annals  and  Magazine  of  Natural 
ry"  for  February,  1868,  voL  xi.,  p.  107,  Mr.  William  Hellier 
,  F.Q.S.,  gives  an  interesting  account  of  the  fossil  LimuH,  and 
(8  Eonig's  genus  BeUinurua  belltdus,  so  that  we  may  foe  -tine 
)  adopt  that  name  as  the  earliest.*  Mr.  Baily  thus  defines 
uru8  belluluB,  Eonig:  ''General  form  suborbicular.  Head  or 
lie  shield  semicircular,  slightly  arched ;  the  central  portion  (or 
ila)  prominent  and  declining  towards  the  circumference,  sur- 
ed  with  a  flattened  maigin,  and  terminating  at  its  porterior 
i  in  long  spines.  Body'  composed  of  five  segments,  which 
late  in  spines  and  diminish  gradually  towards  the  posterior 
nity.  Tail,^  or  caudal  portion,  small,  with  a  few  slight  radi- 
di visions,  to  which  is  articulated  an  elongated  spine  (telson)." 
Baily  describes  two  new  species  of  BeUirmrus  in  his  paper, 

?'"" 

UnuruB  regina,  Baily,  Coal  M.,  Bilboa  Colliery,  Queen's  Co., 

d. 

linurus  areuatus,  Baily,  Coal  M.  (loc.  cii) 

a  communication  made  by  me  to  the  Greological  Society  in 

on  the  structure  of  the  Xiphosura,  already  cited,  I  proposed 

ain  those  forms  of  palsBOzoio  lAmvJi  with  firee  and  movable 

;ic  somites,  and  anchylosed  abdominal  ones,  iii  the  genus  Belli" 

and  I  referred  those  in  which  all  the  segments  appeared  to 

chylosed,  namely    {Limnlm)   anthrcuD,  and   (L.)  rotundata,  to 

mus  Preatmchia, 

elII  these  species  the  body  consists  of  a  head-shield,  five  free,  or 

losed,  thoracic  segments,  and  three  anchylosed  abdominal  ones. 

'e  now  to  record  two  new  forms  of  Irtmtilt  from  the  English 

neasures. 

Bellinurus  KUntgianuSf  H.  Woodward,  sp.  nov.,  PI.  X.,  Fig.  8. 

new  form  was  obtained  from  the  Dudley  Coal-field,  and  is 

distinct  from  the  type-species  B,  heUulus,  Ednig. 

)  angles  of  the  carapace  are  blunt,  and  not  produced  into  long 

I,  and  the  five  free  thoracic  somites  terminate  in  obtuse  serrations, 

recurved  spines,  as  in  B,  heUiduB.    The  thorax  also  is  relatively 

Br  in  proportion  to  the  head ;  the  axis  of  the  body  is  strongly 

1  and  nearly  straight,  and  does  not  diminish  gradually  towards 

osterior  extremity,  as  in  the  other  species,  although  the  pleuns 

elves  contract  to  half  their  breadth  from  the  first  to  the  fifth 

int.    The  raised  circular  border  of  the  glabella  is  not  so  dis- 

idgewater  Treatise  on  Geology  an  dMineralogy,  toL  i.,  p.  396 ;  toL  iL,  p.  77, 

I  ng.  3. 

ckland's  ZimtUttt  trilohitoidet  (1836],  in  consequence,  becomes  a  Bynon)rm  of 

B  Bellinurus  bellulu$  (1820). 

fined  by  the  writer  as  the  JTiorueic  series  of  segments. 

e  rudimentary  Abdominal  segments  coalesced.    See  memoir  *'  On  some  points 

stmcture  of  the  XiphMura,  haying  reference  to  their  relationship  with  the 

erida"  by  H.  Woodward,  Quart.  Joum.  Geol.  Soc,  I867)ic^..'u!£{v..^^.^^> 

idu. 
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tinctly  defined  as  in  B.  belMus,  but  the  oentral  axis  is  more  stron^y 
marked.  The  eyes  are  not  very  well  seen,  but  they  occupy  the  same 
relative  position  on  the  margin  of  the  raised  glabella  as  in  J?.  beUnlus. 

The  abdominal  division  consists,  as  in  the  other  species,  of  three 
coalesced  segifients,  which  are  however  only  indicated  by  three 
marginal  serrations. 

The  tail-spine  (telson)  is  not  preserved,  but  its  articulation  with 
the  abdomen  is  strongly  marked. 

Qreatest  length  of  entire  body,  9  lines. 

Greatest  breadth  of  head-shield,  1  inch. 

Length  of  five  free  thoracic  segments,  3  lines. 

Breadth  of  first  free  thoracic  segment^  10  lines. 

Breadth  of  fifth  free  thoracic  segment,  5  lines. 

Breadth  of  central  axis  of  body-segments,  2^  lines. 

I  have  named  this  species  after  Mr.  Charles  Konig,  the  original 
founder  of  the  genus,  and  for  many  years  the  Keeper  of  the  Geo- 
logical and  Mineralogical  Collections  in  the  British  Museum.  The 
original  specimen  is  preserved  in  the  British  Museum,  and  was 
obtained  by  C.  Ketley,  Esq.,  from  the  Dudley  Coalfield. 

2.  Preatwichia  Btrtwdliy  H.  Woodw.,  sp.  nov.,  PL  X.,  Pigs.  9 
audio. 

For  a  knowledge  of  this  small  but  well-marked  and  very  charao- 
teristic  species  of  Coal  Limulus  1  am  indebted  to  Mr.  Thomas 
Birtwell,  of  Gawthorpe  Gardens,  Padiham,  Lancashire,  who  obtained 
it  from  the  Coal-Measures  at  tlie  Cornfield  Pit  on  the  south  bank  of 
the  River  Oalder,  near  Padiham.  It  was  from  this  pit  that  the  new 
Arachnide  {Architarhus  suhovalis,  H.  Woodw.)  described  in  our  last 
Number,  p.  385,  was  obtained  by  Mr.  Birtwoll. 

This  new  species  (of  which  there  are  two  examples,  both  figured 
in  our  Plate)  exhibits  the  most  complete  anchylosis  of  its  body- 
segments  of  any  of  the  Coal  Limuli,  The  entire  body  measures 
8  lines  in  length,  and  8  in  greatest  breadth ;  of  this  the  head-shield 
measures  4  lines  in  length,  and  8  in  breadth ;  the  anterior  (thoracic) 
part  of  the  post-cephalic  shield  is  6  lines  broad,  diminishing  to  2 
lines  near  the  posterior  (abdominal)  part ;  length  of  tlie  thoracioo- 
abdominal  somites  4  lines.  The  telson  measured  4  lines  in  length. 
The  head-shield  is  very  tumid,  the  posterior  genal  angles  are  not 
produced ;  the  glabella  is  divided  down  the  centre  by  a  slender 
ridge,  its  front  border  (as  in  most  other  species)  forms  two  arches, 
iJetween  which  and  in  the  front  of  the  head-shield,  the  larval  eye- 
spots  are  seen ;  the  small  compound  eyes  are  placed  midway  upon 
the  lateral  border  of  the  glabella. 

The  divisions  of  the  thoracico-abdominal  segments  are  only  faintly 
indicated  along  the  central  axis  of  the  body ;  the  margin  does  not 
show  the  usual  serrations  or  spines,  as  in  the  other  species  ;  but  the 
number  of  segments  appears  to  have  been  the  same.  The  coalesced 
abdominal  segments  were  marked  by  a  very  prominent  spine  or 
tubercle,  the  top  of  which  has  however  been  broken  off. 

have  named  this  specimen  Frestwichia  BirtwelU,  after  its  dis- 
r,  Mr.  Thomas  Bvrtwei\i,  in  "whoaQ  collection  the  specimens  are 
Ted. 
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EXPLANATION  OF   PLATE  X. 

Pi08.  1  and  2.    Eemitupii  limuloideSf  H.  Woodw.    Lower  Ludlow,  Leintwardine. 

Fig.  1  from  the  Museum  of  Practioal  Oeology,  Jermyn  St. ;  Fig.  2  firom 

the  Britbh  Museum. 
Fio.  3.    Fragment  of  head-shield  of  HemiaapU. 

Fio.  4.    Hemiaapit  Salweyif  Salter.    Lower  Ludlow,  Ledburj.    CoU.  Mus.  Brit. 
Figs.  6  and  7.    if.  tperatuSf  H.  Woodw.    Lower  Ludlow,  Leintwardine.     Coll. 

Mus.  Brit. 
Fio.  6.    Semiatpis  horritUUf  H.  Woodw.  Wenlock  Shale,  Dudley.    CoU.  Mus.  Brit. 
Fig.  8.    Bellinurm  Kimigianua^  H.  Woodw.     Coal-Measures,  Dudley  Coal-field. 

Coll.  Mus.  Brit. 
Figs.  9  and  10.    Freatvnekia  Birtwelli^  H.  Woodw.  Ooal-Measures,  Cornfield  Pit, 

near  Padiham,  Lancashire.    Coll.  Mr.  Thomas  Birtwell. 


IL — On  the    Continuity  and    Bbsaks    bitwekn    the  various 
DiYisiONS  OF  the  Silurian  Strata  in  the  Lake  District. 

By  W.  Talbot  Avbldtb,  F.G.S., 
District  Sunreyor  on  the  Geological  Survey  of  England  and  Wales. 

IN  a  former  communication^  I  stated  that  the  line  of  division 
between  the  Skiddaw  Slates  and  the  overlying  Volcanic  series 
(Green  Slates  and  Porphyries),  in  the  neighbourhood  of  Keswick, 
-was  a  faulted  one,  and  not  an  unconformity,  as  supposed  by  Mr. 
Dakyns.'  I  added  that  the  evidence  of  an  unconformity  (if  there 
-was  one),  between  these  two  series  of  beds,  must  be  sought  for 
elsewhere  than  in  the  district  described  by  Mr.  Dakynis.  Since  then 
I  have  examined  many  miles  of  boundary  between  these  formations, 
and  have  as  yet  only  seen  one  unfaulted  junction,  and  this  is  near 
Bootle,  in  the  Black  Combe  district,  Cumberland ;  but  this  section 
at  once  sets  at  rest  the  question  of  unconformity  or  conformity.  Not 
only  do  the  Volcanic  series  lie  at  the  same  inclination  with  the 
Skiddaw  Slates  below  them,  but  beds  of  the  latter  alternate  with 
beds  of  the  former,  showing  a  perfect  sequence  and  conformity. 
When  the  whole  of  the  boundaries  between  the  Skiddaw  Slates  and 
Volcanic  series  are  traced,  there  may  be  found  other  spots  also 
showing  conformity  and  passage. 

The  most  complete  Break  in  the  Lake  District  is  that  between 
the  Volcanic  series  and  the  overlying  Coniston  Limestone ;  and  here 
-we  have  a  considerable  unconformity.  For  when  the  line  of  division, 
between  these  formations  from  the  Granite  at  Shap  to  Black  Combe 
is  traced,  it  will  be  found  that  the  Coniston  Limestone  series  from 
lying  on  the  highest  known  beds  of  the  Volcanic  series  passes  suc- 
cessively to  lower  and  lower  beds,  till  it  finally  rests  on  very  low 
beds  in  the  Black  Combe  district.  So  great  is  this  unconformity 
that  sometimes  the  beds  of  the  Volcanic  series  strike  at  right  angles 
to  that  of  the  beds  of  the  Coniston  Limestone. 

Li  the  Lake  District  the  Coniston  Limestone  series  of  beds,  which 
are  equivalent  to  beds  on  the  horizon  of  the  Bala  Limestone  of 
North  Wales,  appear,  on  a  cursory  survey,  to  lie  conformably 
beneath  the  overlying  Upper  Silurian  rocks ;  but  undoubtedly  thiis 
IB  caused  by  the  local  accident  of  the  Coniston  Limestone  series 

»  Gbol.  Mao.,  Vol.  VI.,  p.  382.  »  Gbol,  11il^..,Nq\.^1.<»^.  ^* 
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not  being  much  disturbed  before  the  deposition  of  the  TTppcr 
SUarian,  for  there  is  not  the  slightest  passage,  either  stratignLphicauj 
or  palseontologically,  from  the  Coniston  Limestone  series  into  the 
lower  division  of  the  Upper  Silurian,  which  is  the  ^tockdale  Shaki 
(including  the  Graptolitic  Mud-stones),  and  these  are  equivalent  to 
the  Tarannon  Shales  or  Pale  Slates  of  North  Wcdes.  It  is  also  mm, 
on  a  close  survey,  that  the  Stockdale  Shales  will  occasionally  par- 
tially overlap  the  Coniston  Limestone  series,  and  in  one  locality,  I 
believe,  completely ;  it  will  be  also  noticed  that  the  strikes  of  tlie 
lower  and  higher  series  of  beds  do  not  always  correspond. 

IIL — ^Kemabks    on    the    Gkneba    Trimbbblla,    D/yoBOLUSy    aid 

MONOMBRBLLA. 

By  Thomas  Datiiwon,  F.R.S.,  F.G.8.,  etc.,  and  Willtam  Kiho,  Se.D.,  tad 

Professor  of  Mineralogy  and  Geology  in  Queen's  College,  Galway. 

THE  genera  named  in  the  title  constitute  in  our  opinion  a  new 
family  belonging  to  the  helictobrachial  section  of  the  clsai 
PalUohranchiata  or  Brachiopoda.  We  propose  to  designate  it  ZVhm- 
rellida,  after  the  type  genus. 

Although  more  or  less  treated  of  by  other  writers,  we  have  been 
induced,  especially  by  the  desire  of  several  intimate  friends,  who 
have  kindly  supplied  us  with  the  loan  of  some  valuable  series  of 
specimens,  and  presented  us  with  others,  to  undertake  a  further 
elucidation  of  a  most  difficult  and  enigmatical  group  of  shells ;  and 
for  this  assistance  our  thanks  are  especially  due  to  Lindstrum,  Walm- 
stedt,  Billings,  Hall,  Wliitfield,  Meek,  and  others. 

These  "  Remarks,"  it  is  necessary  to  state,  are  merely  preliminary 
to  a  detailed  memoir  we  have  been  preparing  for  some  time  past; 
and  which  we  hope  to  have  completed  for  the  Geological  Society  in 
the  early  part  of  next  session. 

The  Trimerellids  differ  much  from  all  others  of  their  class ;  though 
their  proximate  alliance  to  certain  forms  seems  to  admit  of  determi« 
nation.  We  think  there  is  little  doubt  of  their  being  not  only 
structurally  related  to  the  Lingidida  ;*  but  also  genetically  connected 
with  this  family.  The  first  point  is  of  considerable  interest,  inas- 
much as  the  Lingulids  are  the  earliest  Palliobranchs  that  geologists 
are  acquainted  with,  occurring  in  Cambrian  rocks ;  while  the  Trmie- 
rellids  do  not  seem  to  have  been  in  existence  prior  to  the  next 
systemal  group,  all  the  forms  belonging  to  the  Lower  and  Upper 
Silurians.  It  would  therefore  appear  that  the  Trimerellids,  adopting 
the  doctrine  of  genetheonomy  (by  which  we  mean  evolution  of 
species  effected  mainly  through  the  operation  of  Divine  laws,  and 
not  by  purposeless  or  accidental  modifications '),  have  been  produced 
out  of  the  Lingulids.  Moreover,  considering  that  the  earliest 
Palliobranchs,  taking  them  to  bo  represented  by  the  existing  aniferous 
Lingulas,  are  of  a  simpler  type  than  the  non-aniferous  Terebratulids 

^  For  the  present  we  place  Oboltu  and  other  related  genera  in  the  Lituftdida, 
This  docs  not  prevent  our  regarding  Obelus  as  tvpifying  another  family;  bat  the 
allocation  now  adopted  simplifies  these  **  Eemarks.  * 

*  See  Geologist,  voL  t.  p.  '264. 


Damdsan  and  Eing — On  the  TnmerelMm.  448 

nd  Bhyndionellichi  that  suooeeded  them,  the  concluBion  saggests 
teelf  that  the  latter  and  simpler  groups  are  the  degraded  Buooessors 
f  a  type  that  existed  in  the  earliest  known  Life-period  of  our 
(laiiet. 

Another  matter  for  consideration  is  the  fact  that  the  Cambrian 
iingulids  were  furnished  with  a  framework  of  a  homy  or  sUghtl j 
alcareons  nature,  as  was  generally  the  oase  with  their  oontempo* 
aneous  Ckelenterates  and  Crustaoeane,  making  it  doubtful  that 
idinary  marine  calcium  compounds  were  important  solutions  in  the 
eas  of  their  period;  while  the  fact  that  the  TVimerellids  had  essenti* 
lly  a  calcareous  fituuework,  as  was  the  case  with  a  vast  number  of 
heir  coeval  organisms,  seems  to  show  not  only  that  such  compounds 
isd  increased  in  the  Silurian  seas,  but  further  to  support  the  condu- 
ion  that  the  family  we  are  engaged  with  is  a  post-genetheonomio 
»randi  of  the  Lingulids.  With  the  physical  changes  indicated,  the 
hells  of  the  PaJliobranchs  under  notice  underwent  important 
lodifioations  compared  with  the  group  from  which  they  presumedly 
donated. 

^e  Trimerellids  are  strongly  differentiated  by  the  variety  and 
i)rm  of  their  parts.  The  species,  in  general  remarkably  distinguished 
y  their  massive  umbonal  region,  have,  speaking  subject  to  oorreo- 
ion,  the  ventral  or  rostral  valve  characterized  with  twenty-four 
ifibrent  parts,  and  their  dorsal  one  with  sixteen.  Many  of  the 
tarts  are  so  unlike  what  are  seen  in  other  families  as  to  defy  all 
ttempts  to  determine  their  use  or  function.  One  consideration  that 
trikes  us  forcibly  is  that  parts,  as  the  teeth,  and  cardinal  process, — 
BsentialB  in  other  Palliobrancbs, — are  exceedingly  mutable,  not  only 
a  a  genus,  but  in  a  species :  besides,  they  are  rarely  well  defined, 
lie  teeth  may  be  large  and  crude  in  certain  individuals,  but  rudi- 
lentary  or  obsolete  in  others  of  the  same  species.  Hie  cardinal 
rrocess  may  be  a  thick  projecting  lamina,  or  rude  in  shape  and 
lassive,  or  absent  altogether.  The  deltidium  seems  to  be  less  liable 
3  modification :  situated  on  a  well-developed  area,  it  is  bounded  by 
wo  rather  prominent  ridges,  one  on  each  side,  wii^  their  inner  and 
•rqjecting  terminations  serving  as  teeth;  and  having  the  usual 
real  border  on  the  outside  of  each  of  Uie  ddtidial  ridges.  The 
eltidium  itself  is,  in  general,  wide,  and  transversely  marked  with 
krong  lamina-like  lines  of  growth:  it  presents  the  appearance  of 
eing  excavated  out  of  the  areal  face  (or  underlying  solid  portion) 
f  the  beak,  agreeing  in  this  respect  with  what  obtains  in  Lingula. 
n  our  forthcoming  memoir  it  ^nll  be  shown  that  another  part, 
lie  deltidial  slope,  further  testifies  to  the  close  afiinity  between  the 
!^merellids  and  the  last-named  genus.  The  hinge  or  cardinal  plate, 
rhich  requires  more  explanation  than  can  be  given  on  the  present 
ocasion,  is  so  variable  in  one  species  (Trimerdla  Lindstr&mi)  as  to 
e  with  difficulty  recognized  in  some  individuals.  The  hinge-wall, 
8  will  shortly  be  seen,  is  equally  subject  to  variation.  The  umbo 
r  beak  presents  itself  under  different  appearances;  being  in  one 
^us  obtusely  rounded  and  in  the  others  remarkably  prominent* 
iomewhat  constant  in  form,  aocording  to  8pec\ea,itm^^\»«Q^QnoGQs^ 
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and  massive,  or  compressed  into  a  thin  Y-shaped  plate ;  in  the  foniur 
condition  it  may  be  solid,  or  double-chambered.  The  chamben  ue 
separated  by  either  a  thick,  or  a  thin  partition ;  and  they  are  shallov 
and  \vide-mouthed,  or  long  and  tubular.  We  are  not  acquainted  wiA 
anything  strictly  resembling  the  partition  in  other  Palliobrandis.  In 
PentamernSy  it  is  true,  the  umbonal  cavity  is  divided  by  a  medio-longi' 
tudinal  plate,  giving  rise  to  two  lateral  chambers :  in  this  last  gen^ 
however,  the  dividing  plate  is  double,  causing  it,  'when  a  specima 
is  suitably  struck  with  the  hammer,  to  split  leng^wise  into  two 
halves ;  but  no  such  division  has  occurred  to  us  in  any  specimens  of 
Trinierellids.  The  undivided  condition  of  the  partition  seems  to  be 
explained  on  the  view  that  this  part  is  a  modified  form  of  the  hinge* 
wall.  Passing  to  the  parts  seen  in  the  general  or  valvular  canty 
of  the  Trimerellids,  the  principal  are  the  great  muscular  platfoims. 
of  which  an  example  occurs  in  each  valve.  A  similar  homologoof 
du2)lication  characterizes  other  families — Pentamerids,  Leptsenids, 
etc. ;  but  this  part  generally  occurs  under  a  widely  different 
shape.  In  the  typical  genus  of  the  present  family  the  platfomi 
are  elevated  and  doubly-vaulted,  the  vaults  being  tubular  and 
separated  by  a  partition.  The  latter  part  is  continued  beyond  or 
in  advance  of  each  platform,  where  it  becomes  the  ordinary  medio- 
longitudinal  septum.  A  tendency  to  the  double-vaulting  may  be 
observed  in  the  great  muscular  supports  of  a  few  other  Pallio- 
branclis,  particularly  Leptana  Dutertrit,  in  which  the  ventral  one 
curves  over  and  rests  upon  the  medio-longitudinal  septum,  formiug 
thereby  a  doubly-vaulted  arch.  But  the  nearest  approach  to  thia 
peculiarity,  as  j)ointed  out  by  Billings,  is  undoubtedly  presented 
by  the  genus  Obolusy  in  which  certain  muscular  scars,  usually 
excavated,  have  an  overlapping  posterior  margin :  in  Crania  some- 
thing similar  is  seen.  The  platform,  with  its  tubular  vaults  and 
biconvex  surface,  reminds  one  of  a  double-barrelled  pistol.  With 
a  pair  of  i)latfonn8  of  tliis  kind  associated,  as  is  often  the  case,  with 
a  couple  of  tubular  umbonal  chambers,  the  interior  of  a  Trimerella 
presents  a  singular  appearance.  In  Monomerella  both  platforms  are 
solid  and  slightly  raised ;  and  consequently  the  absence  of  vaults 
gives  the  interior  of  this  genus  a  totally  dififerent  aspect :  the  umbonal 
cavity,  however,  consists  of  two  largo  chauibera.  Dinoholus  lias 
neither  a  vaulted  platform,  nor  a  chambered  umbo.  Each  of  the 
three  genera  contains  species  in  which  the  platform  varies  con- 
siderably, being  reduced  to  so  rudimentary  a  condition  that  it  is 
difficult  to  allocate  them  generically.  Hall  has  been  induced  to 
raise  an  aberrant  species  of  the  kind  to  the  rank  of  a  genus. 
Bhynohohis;  but  this  stop  appears  to  us  to  be  attended  with  consider- 
able disadvantage,  as  it  would  necessitate  instituting  a  genus  for 
every  aben*ant  fonn.  The  scars  are  numerous  and  exceedingly  com- 
plicated by  the  modifications  of  the  different  parts,  as  just  pointed 
out.  After  some  consideration  we  have  abandoned  the  attempt  to 
homologize  them,  except  in  a  few  cases.  We  think  Uie  i^sterior 
crescent,  with  its  loop  and  lanceolate  scars,  corresponds  to  the  iK)st- 
aponeural  impressionts  in  Linqula  and  Discina.    We  are  unable  to 
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specify  which  soars  have  been  produced  by  the  yalvular  muscles, 
axoept  some  situated  on  the  platforms ;  and  in  respect  of  the  latter, 
:>ar  efforts  to  identify  them  with  the  valvulars  of  Lingula  (the 
aearest  living  representative  as  we  believe)  have  not,  it  is  to  be 
apprehended,  been  attended  with  much  success.  We  have  for  the 
reasons  stated  refrained  as  far  as  possible  from  employing  names 
For  the  different  scars  implying  their  uses ;  and  have,  instead,  simply 
given  them  names  denoting  their  relative  position,  distinguishing 
the  group  in  the  dorsal  valve  from  that  in  the  ventral  one  by  letters 
of  a  different  type.  Certain  scars,  or  other  parts,  apparently  occupy- 
ing a  similar  relative  position  in  the  two  valves,  and  which  appear 
to  be  analogous,  bear  the  same  letters,  but  in  a  different  type. 

The  geographical  distribution  of  the  Trimerellids  is  a  matter  of 
Bome  importance.  Eminently  a  Silurian  group,  one  might  have  ex- 
pected that  the  well-explored  region,  which  the  labours  of  Murchison 
have  made  classical,  would  have  yielded  an  abundance  of  examples ; 
bat,  it  is  remarkable,  only  a  few  specimens  of  a  single  genus, 
Dinobolus,  and  apparently  the  last  of  their  race,  have  been  met  with 
in  the  Wenlock  limestones  and  shales  near  Dudley,  and  discovered 
for  the  first  time  in  1852.  Identical  deposits  in  Gothland  contain 
the  same  species :  but  a  greater  variety  of  the  family  occurs 
rather  abundantly  in  rocks  of  the  "Aymestry"  age  of  that  re- 
markable locality.  Canada  and  adjacent  districts  in  the  United 
States  have  yielded  the  greatest  variety  of  species,  all  of  which, 
with  the  exception  of  Dinobolus  Canadensis  and  D,  magnifica,  being 
referable  to  the  Upper  Silurians.  The  two  species  last  named  occur 
in  the  Black  river  limestone,  a  rock  which  appears  to  be  equivalent 
to  the  Upper  Llandeilos,  or  to  the  base  of  the  Caradocs  of  this 
country.  A  species  of  Monomorella  has  also  been  found  in  Livonia 
(Bossia)  in  rocks  corresponding  in  age  with  those  in  which  the 
same  species  occurs  in  Gothland. 

Our  labours  on  the  Trimerellids  have  enabled  us  to  confirm,  for 
the  most  part,  the  conclusions  of  previous  writers  as  to  the  number 
of  species,  and  to  determine  the  existence  of  some  others.  The 
three  genera  are  severally  constituted  in  species  as  follows  : — 


Trifnerella  grandis^  Billing  I      Dinobolut  Oaltensity  Billings. 

„         aeuminaia,  Billings.  |  „         Davidsoni,  Salter. 

„         Lindstromi^  Dall. 
„         Billingaiiy  Dall. 
„         OhioensiSf  Meek. 
„         Dalliy  Day.  and  King. 
„  Wiabyensia^  Day.  and  King. 

Dinobolus  Conradi,  Hall. 

„  OanadeMis,  Billings. 


„  tramversusy  Salter. 

„  Wbodwardi,  Salter. 

„         magnijica,  Billings. 
Monomtrella  Walmstedtiy  Day.  &  King. 
„         priteaj  Billinip. 
„         orbieularUy  Billings. 


With  one  or  two  exceptions,  all  the  species  will  be  fully  illustrated 
in  five  lithographic  plates  in  our  forthcoming  memoir :  in  addition 
to  wliich  there  wUl  be  two  wood-cut  plates  of  diagram-figures,  ex- 
plaining the  various  parts  briefly  noticed  on  the  present  occasion,  and 
another  showing  the  relationship  of  Lingula  to  the  family. 
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lY. — On  OttTosiA,  A  New  Genus  of  Fossil  Tubioolar  Anselidii, 
WITH  Notes  on  the  Genus  Tbxtacvutbs, 

By  H.  Allbyne  Nicholson,  M.D.»  D.Sc.,  M.A.,  F.R.S.K, 
Profosdor  of  Natural  History  and  Botany  in  Coiyersity  Coll^e^  Toronto. 

HAVING  recently  had  the  opportunity  of  oarefully  investigatiii^ 
the  genus  Tentacidiie^^  I  was  led  to  the  ocnclusion  tibat 
several  fossils  of  diverse  zoological  affiilities  had  been  induded 
under  this  head,  and  that  the  prevalent  differences  of  opinion  as  to 
the  systematic  position  of  tliis  genus  might  he  thus  readily  explained 
(American  Joum.  of  Science  and  Arts,  vol.  iii.,  no.  15,  1872). 
Onginally  founded  hy  Schlotheim  in  1820  (Petrefact.  i.,  p.  377), 
TentacuUteSf  as  its  name  implies,  was  helieved  to  comprise  fossils 
whicli  were  nothing  more  than  the  slender  terminations  of  the 
jointeil  arms  of  Criuoids.  Modern  palseontologists  have  ben 
divided  in  opinion  as  to  whether  TeniMulitea  was  truly  referable  to 
the  Tubioolar  Annclides  or  the  oceanic  group  of  the  Pteropitda— 
most  recent  authorities  placing  the  genus  in  the  latter  clasSb  Id 
point  of  fact  the  difficulty  has  really  arisen  from  the  circumstance 
that  two  dissimilar  sets  of  fossils  have  actually  been  included  under 
TentacuUtea  ;  some  of  these  being  genuine  Pteropads,  whilst  othen 
are  ctjiuilly  genuine  Tubioolar  Annelides.  As  all  the  typical  species 
belong  to  the  first  group,  it  follows  that  the  genus  TeHtatnliie* 
remains  a  Pteropodous  one ;  whilst  the  Annelidan  forms  must  be 
reforrod  to  new  •genera. 

Tlio  n^strietod  genus  TentacuUiea,  then,  may  be  defined  as  in- 
eluding  small  shells  which  have  tho  form  of  straight  conical  tuWs. 
taperiiij;^  towards  one  extremity  to  a  pointed  closed  apex,  and  ex- 
panding^ towards  tho  other  to  a  rounded  ajx^rture.  The  shell  is/r^e, 
and  its  walls  are  thin,  and  are  suiTomided  by  numerous  thickened 
rini^s  or  annulations,  sometimes  with  intermediate  strisd,  over  the 
whole  or  part  of  the  lon«:^tli  of  the  tube. 

Tho  two  iH>ints  l>y  which  TentacuUiea  may  be  distinguished  from 
all  honK>nu>rph<nis  fonns  are — firstly,  that  tho  shell  is  straight,  or  if 
bont,  repjularly  Ix^nt  or  ourveil ;  and  secondly,  that  the  shell  is  free. 
It  is  quite  clear  that  if,  as  there  is  every  reason  to  l)eliove.  the 
genuine  forms  of  Tentaculites  are  truly  referable  to  the  PtcropoJa. 
every  example  must  conform  to  these  two  characters.  No  mt-mher 
of  tlu»  jziouus  can  possibly  have  been  attached  to  any  foreign  l>odv ; 
and  none  can  have  1xk.mi  irregularly  twisted  or  l^ent,.  The  shell  in 
all  genera  of  Ptero|X)ds  is  free,  and  in  all  is  either  straight  or  is 
re(juliirli/  curved. 

On  tho  other  hand,  whenever  we  meet  with  apparent  examples  of 
TcnfacuUtes  whicli  are  attiiched  ])arasitically  to  shells  or  other  f(.»reign 
IxKlies.  or  which  have  the  shell  irregularly  contorted,  we  may  bo 
quite  sure  that  we  cnnnot  be  dealing  with  any  Pteropod.  AVe  are 
dealing  now  with  Tuhic<ilar  Annelides-,  and  it  is  a  matter  of  astonish- 
ment how  close  a  superficial  resemblance  is  presented  between  some 
of  these  and  specimens  of  Tentaculites  i)roper. 

In  accordance  w^ith  the  ^rvnc\\ile^  h^t^  bid  down,  I  have  already 
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propoMd  the  genus  Conehiealites,  to  inotnde  Tobioolar  Annelidea,  the 
tabes  of  which  aie  attached  eoci&lly  in  clturtered  masses  to  dead 
■bdla.  The  tuboa  are  composed  of  ahcKt  imbrioated  rings,  and  are 
luigod  ude  b;  side,  being  attacJied  by  their  Bnutller  ends  only.  The 
C;enuB  is,  so  &r  as  kuown,  cooflned  to  the  Lower  Silurian  rooks ; 
■Dd  broken  fragmeutB  are  almoet,  or  qnite,  undistiDgnishable  from 
Ttmtacviitta  (Amerioan  Joum.  Science  and  Arts,  voL  iiL,  no.  15, 1872). 
I  have  now  to  found  anothei  genua  iat  the  reoeptioD  of  an 
alliod  but  voiy  distinot  Tnbioolor  Annelide,  whioh  has  been  pre* 
Tionsly  referred  with  doubt  to  TtnlaailiUt.  This  genus  I  propose  to 
name  OrtoMo,  after  Mr.  Edward  Orton,  of  the  Oeological  Sorre;  of 
Ohio,  who  has  kindly  furnished  me  with  speoimens.  Only  a  single 
Kpeoies  is  known  to  me,  from  the  Lower  Silurian  (Hudson  Biver 
group)  of  South- Western  (Hiio,  where  it  appears  to  be  a  common 
fbssiL  It  has  been  doubtfully  identified  with  Hall's  Teniaevlitet 
JltaMOM  (Pal.  New  York,  yoL  i.  p.  92) ;  and  if  this  determination 
ooold  be  relied  opon,  I  would  ^adly  retain  the  above  specific  name. 
HoU,  however,  describes  his  species  as  being  furnished  with  distinot 
intanial  traoserre  septa ;  and  this  stmcture  is  oertainly  altt^ether 
wanting  in  our  fossil.  I  shall,  therefore,  adopt  for  the  present  form 
the  name  of  Ortouia  eoniea,  in  allusion  ta  the  form  of  ^e  iDvestlng 


niie  genus  Ortoma  oomprises  small  conical  calcareous  tubes,  whidi 
are  found  attached  to  the  out«r  surfaces  of  the  shells  of  Brachiopods 
or  other  MoIIuscb.  Mr.  Orton  informs  me  that  in  one  locality,  at 
Cinoinnati,  the  species  confines  its  parasitism  entirely  to  Slropkomena 
alUnala ;  but  elsewhere  it  attaches  itself  to  other  shells  as  well. 
Tba  tubes  are  attached  along  the  whole  of  one  side,  full-grown 

roimens  being  from  four  to  sixth-tenths  of  an  inch  in  length.  In 
pe,  the  tubes  are  markedly  conical  (Fig.  1b),  their  section  being 
droular,  or  at  times  somewhat  trigonal.  Almost  all  the  tubes, 
thoDgh  in  the  main  straight,  are  more  or  less  curved  and  bent  towatda 
"   "  "  r  closed  extremities.    The  widest  exMftmitj  oi  "iiaWc^ 
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opens  by  a  more  or  less  nearly  circular  aperture ;  and  the  oontiiniitj 
of  the  tube,  from  its  open  to  its  closed  extremity,  is  not  intermpted  bj 
any  internal  septa.  The  surface-characters  of  the  tubes  are  of  a  T817 
remarkable  character.  Upon  the  surface,  diametrically  opposed  to 
that  along  which  the  tube  is  attached  to  the  shell,  the  tube  is  of  i 
cellular  character,  exhibiting  numerous  rounded  pits  or  alveoli,  which 
strongly  remind  one  of  the  peculiar  cellular  structure  of  the  tube  d 
Comtdiies.  This  peculiar  structure  occupies  a  narrow  belt  mnning 
down  the  tube,  along  its  dorsal  or  free  surface ;  and  from  both  sides 
of  this  belt  there  proceeds  a  series  of  strong  annular  ridges  or  rings 
which  pass  round  the  tube,  to  disappear  on  its  fixed  margin.  These 
rings  are  not  separated  by  secondary  intermediate  annulations ;  nor 
do  they  exhibit  any  longitudinal  striation.  Sections  of  the  tubes, 
however,  show  that  these  rings  are  just  as  visible  on  the  interior  of 
of  the  tube  as  they  are  externally. 

No  reasonable  doubt  can  be  maintained  as  to  the  zoological  position 
of  Ortonia,  It  is  unquestionable  that  we  have  to  deal  here  with 
a  true  Tubicolar  Annelide,  nearly  allied  to  the  recent  SerpnU. 
Ortonia  is  still  more  nearly  related  to  the  extinct  genus  Comt- 
lites,  from  which  it  differs  in  its  much  smaller  size,  and  in  being 
attached  along  the  whole  of  one  side,  instead  of  by  its  smaller 
extremity  only.  It  differs,  also,  in  having  the  peculiar  celldar 
stnicture  of  the  tube  confined  to  a  definite  portion  of  its  surface,  and 
in  being  altogether  destitute  of  longitudinal  striation.  From  Con- 
chicoUtcs,  again,  Ortonia  is  distinguished  by  the  much  more  complete 
mode  of  its  attachment,  and  by  the  fact  that  the  tubes  are  never 
attaclied  socially  in  clustered  masses,  growing  side  by  side,  as  is  the 
case  in  the  former  genus. 

Tlic  following  diagnosis  gives  the  characters  of  the  genus  Ortonia 
and  of  the  single  known  species : — Ortonia,  Nich. — Animal  solitary 
inhabiting  a  calcareous  tube,  which  is  attached  along  the  whole  of 
one  side  to  some  foreign  body.  Tube,  slightly  flexuous,  conical,  in 
section  cylindrical,  or  somewhat  flattened  laterally,  and  sub-triaugu- 
lar.  Walls  of  the  tube  thick,  cellular  along  the  surface  opposite 
to  the  attached  portion,  markedly  annulated  along  the  sides. 

Ortonia  conica,  Nich. — Tubes  growing  attached  to  the  shell  of 
some  Mollusc ;  varying  in  length  from  |^  to  ^  inch,  with  a  diameter 

of  about  tV  of  an  inch  at  the  mouth.  Lateral  annulations  of  the 
tube  vaiying  in  number  from  30  to  35  in  the  space  of  an  inch. 
Surface  smooth  and  completely  destitute,  so  far  as  observed,  of 
longitudinal  striro. 

The  fossil  from  which  the  above  description  has  been  taken  is  an 
example  of  Strophomena  altemata,  to  the  dorsal  valve  of  which  are 
attached  the  remains  of  more  than  twenty  individuals  of  Ortonia 
conica.  In  one  case  the  tube  of  one  crosses  that  of  another  indi- 
vidual ;  but  it  is  quite  clear  that  this  is  an  accidental  circumstance, 
so  to  speak,  and  that  the  tubes  are  truly  solitary.  The  specimen  is 
from  the  "  Cincinnati  group  "  of  South-Western  Ohio,  a  formation 
ich  belongs  to  the  **  Hudson  River  series,"  and  which  corres]X)ndB 
the  Caradoc  or  Bala  dVvmo^  oi  Wi^  Ijqtw^t  ^vLurian. 
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inclusion,  I  may  add  that  Mr.  Orton.  has  snbmitted  to  me 
iful  specimen,  apparently  of  the  TenlaeidiUt  tenaitlriata  of 
Meek  and  Wortben,  also  from  the  Cinoinnad  group  of  Soatli- 
1  Ohio.  If  this  specimen  be  rightly  determined,  I  oannot 
le  conoluEioQ  that  it  is  truly  referable  to  the  genus  Conudilei 
otheim — differing  ^m  the  familiar  Cormditei  terpulariiu  in 
1  size,  and  in  some  other  minor  characters.  This  conoluuon, 
r,  does  not  admit  of  complete  verification  except  by  the 
ry  of  specimens  absolutely  attached  to  some  foreign  body. 
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Forei^  Correspondent  GeoL  Soc.  Land.,  etc.,  etc.,  etc. 
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[Omlinwa  fr«K  page  127.) 

DWHAT  further  to  the  west  of 
aruok,  and  about  50  feet  higher 
:urB  another  similar  stratum, 
.ng  ft  mass  of  graphite,  so  soft 
may  be  cut  with  a  knife.  This 
,B  not,  however,  accurately  er- 
.  A  similar  stratum  of  graphite 
ed  in  sand  and  clay  oocurs  also 
7  great  height  above  the  sea  at 
let,  but  time  did  not  adipait  of 
.ting  that  spot. 

graphite  from  Karsok  is  per- 
KJinpact,  without  any  signs  of 
«.  On  being  heated,  some  pieces 
tate  violently  and  yield  water. 
lysis  by  Dr.  Nordetriim  gave  : 
1.  II.  III. 


of  the  loss  wflB  probably  oxy- 
!1ie  ash  contained  per-oxide  of 
iroina,  and  50  |)er  cent,  of  silica; 
;  oven   these  analyses  indicate 
B  mineral  is  much  nearer  pure 
a,  with  which  it    fully  agrees 
sarancc,  than  the  coal   that  is 
found  in  these  formations. 
e  strata  belonging  to  this  divi-    . 
»  found   plant-remains   at  the 
»g  places  :— 
(korfat. — The  strata  here  rest 
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4.  A':-«  i  — T:. :  :  ---!  ::i  i  hrre.  i?  r:\5  I->c-n  mentioiiv-i  .iT-.ve.  i? 
v.v::  .'r\  '■  7  j-.t!--  r...>v  -Li.L  ^:  i  :.-r:^ht  of  ei^ht  .:.r  uiur  L^in^ired 
.:■:'.  -.7-:  ..". -."ri  '7  ■.  .■7"-'  -'  =- *tr  c. i:t.'*!niii;j  fine  iiuiiressivDs  'f 
fvrr.-.  l".j  -:-.:7  :«.  :.  •^^''v'-  5x:-  c.vere.3  by  gravel,  s-..  tkti  the 
f  rr:.'i::  :.  :.*r-.-  :=  -.x:  .-  i  mlv  f:.r  a  very  limited  di^stauLX-  eloso  I? 
U.-:  K-.r-  "-:  r:  •.■.-.-. 

o.  P-;^y  -n->.— F.r  i  lisvii..:-^  cf  six  En;rlish  miles  from  Kar«k  the 
r;'virt-l  iTii  :.  '.vxr  N  :•.  :;  rl  is  r-rcui-iol  by  gneiss  :  but  on  the  -.ther 
n'vh  'A'  r\.<',  r;v.  r.  i-  Pif-  rfik.  first  slate  strata  and  then  samlst.^ue 
Ttix\,],*-M'  olvv;  v,  tLo  shore, — the  first  with  particularly  lioautiful 
fo^-ilr,  f'.iiij'i  i.riii'.ii.illy  in  tlie  Ixrdb  nearest  the  gneiss.  '  \o  exten- 
di v^;  r.f/U-  11-  .'ir«;  li-.wov-r  to  be  met  with  here,  for  the  ]>eqieniliciilar 
«:x|ios':'l  rliff.  -'line  yards  al-ove  the  surface  of  the  sea,  is  covere^l  with 
d'ltritiih  of  }»M-  lit,  'A\i:u  hardened  to  a  tuff-like  mass,  and  inclosing 
tli<;  \iiv\r*i  Kiibt'o-ftil  >hells  mentioned  alK)ve. 

f).  h'onir  or  uutro.  properly  Kook.— The  former  name,  though 
^ainiiifitirrilly  wrong,  ought  however  to  bo  retiiined,  as  having  l>een 
ttlremly  introchuufd  into  ncience.  Tlie  lowest  iK)rtion  of  thos/sirata 
forniH  on  th*-  f-h<»r«?  an  abriiptly-tcnninated  terrace  of  80  to  loOfeet 
hif^h.     Jlighi-r   up  Uie  bVrvilJV  \ftTmm\yi^i  m  «w  \gcavel -covered  sloi^'- 


1200  to  lOOO  feet  aboTe  sea-lcTel 


150  feet  aboTe  sea-leyel  < 
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floored  by  a  number  of  deep  ravines,  which  offer  yery  elear  sections 
Ckf  the  Yarions  strata  of  the  formation,  for  the  most  part  nearly 
^  liorizontaly  or  slightly  dipping  inwards  towards-  Noussoak  peninsulcL 
Tbe  series  is  as  follows  (beginning  at  the  top) :: — 

On  the  brow  of  the  hill Basalt, 

-  ^  ttS'liyTof^il'^  ^r.!.?.^^^^  }  ^•^*«^*»o/^«^conc«aiiig  the  .trata  below. 

Slate. 

Sandstons, 

Slate. 

SandetonA.. 
1000  to  760  feet  above  sea-level  ^  Slate,  with  $eam$  ef  eoal  and  a.  few  plant-imr 

I      preesions. 
L  Sandstone, 
"  A  thick  stratum  of  eoal. 

Slate,  with  layers  of  sand, 

750  feet  above  Bea-leyel  <  f^f^' 

Sand, 

Sandstone,  very  loose. 

Carbonaceous  slate,  with-  bonis  of  smnd  and  eoal, 

A  eoal  seam. 

Slate,  with  abundance  of  impressions  of  plants. 

Strata  not  exposed, 

Ghieiss, 

This  section  was  taken  in  a  ravine  opening  into  the  centre  of  Eome 
bay*  The  finest  impressions  of  plants,  however,  occur  in  the 
neighbourhood  of  the  house-sites,  not  far  from  the  limit  of  the 
gneiss,  which  here  forms  a  high  mountain,  immediately  east  of  the 
river  (Kook),  which  on  that  side^  seems  to  form  the  limit  to  the 
liOwer  Cretaceous  beds  of  Greenland. 

Thick  as  the  Lower  Cretaceous  strata  are,  they  ^re  now  visible 
only  over  a  small  area,  as  they  only  fill  up  the  vcLUeys  between  the 
gneiss  hills  by  the  coast  The  strata  at  Kome  are  separated  by 
gneiss  hilk  from  the  strata  at  Pattorvik,  and  these  again  in  the  same 
manner  from  those  of  Earsok,  Angiarsuit,  Avkrusak,  and  Ekkorfat 
The  main  mass  of  the  formation,  which  evidently  once  extended 
over  Omenak  I^ord,  is  now  washed  away.  Whether  it  extended  in- 
ward into  Noursoak  peninsula  under  the  basalt  or  not,  it  is  im- 
possible with  certainty  to  say,  as  several  of  the  deeper  valleys  are 
filled  with  ice.  I  however  think  this  extremely  probable,  al^ough- 
the  real  Eome  strata  seem  to  be  wanting  at  Atanekerdluk.  They 
may  possibly  reappear  between  the  last-mentioned  place  and  the 
gneiss  formation  at  Takkak.  Calcareous  strata  are  entirely  absent 
in  the  Greenland  Cretaceous,  and  it  is  useless  to  look  for  marine 
fossils  there  —everything  shows  that  what  we  here  have  before  us  is 
a  fresh-water  deposit 

The  fossils  are  most  numerous  and  best  preserved  in  the  lowest 
strata,  and  consist  principally  of  ferns  and  Coniferse.  Leaves  of 
Coniferse  and  other  plant-remains  are  also  met  with,  although  rarely 
in  the  upper  strata ;  but  those  found  there,  in  consequence  of  their 
friability,  can  hardly  be  preserved.  As  regards  these  fossils,  Prof. 
Oswald  Heer  has  made  the  following  communicatioii  \ — 
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*'  All  the  places  where  these  remains  have  been  disoovered  (Rome, 
Avkrusak,  Angiarsuit,  Earsok,  Ekkorfat,  Pattorfik)  have  the  same 
Flora,  the  character  of  which  is  marked  by  numeroaa  ferns,  amflng 
which  the  GleicheniaB  {Ghichenta  Binh'ana,  Zippei^  GieseelMM} 
pliiy  the  chief  part ;  by  a  remarkable  Gycad  {Zamites  arciica),  nuigiu- 
iicent  leaves  of  which  are  found,  and  by  a  large  number  of  Conifen 
(Piwis  Orameri,  Sequoia  Beichenhachii,  Widdringtonia  gracilU,  etc], 
and,  in  addition  to  this,  by  the  almost  total  absence  of  Dicotyledani. 
Tlie  fine  new  discoveries  tend  to  confirm  the  opinion  I  (Heer)  hsn 
already  expressed,^  that  this  Flora  belongs  to  the  Lower  Cretaoeoni. 
in  all  probability  to  the  Urgonian  strata.  This  is  particularly  showi 
by  the  beautiful  Cycad,  GloaaozamiteB  Hoheneggeri,  discovered  tt 
Rome.  The  Greenland  collections  contain  many  specimens,  whidi 
resemble  the  plants  from  Wemsdorff,  which  belong  to  the  UrgoniaiL 
and  have  exactly  the  same  character  as  those  from  Eome.  Among 
the  most  remarkable  new  species  from  the  Greenland  Lower  Creta- 
ceous, a  fine  Ttcniopteris,  n.  sp.,  an  AdicaUwn  (both  from  Avkrosak). 
and  an  elegant  new  Sequoia  irom  Pattorfik,  deserve  special  mentioiL*' 
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Fro.  10.— Series  of  Jtrata  below  Atandcerdluk. 

II. — The  Atane  strata  (Upper  Cretaceous,  according  to  Heer). 

These  strata  occur  on  the  southern  side  of  Noursoak  i>eninsula, 
between  Atanokerdluk  and  Ataiic,  and  probably  also  further  on  to 
the  north  on  the  eastern  side  of  the  Waigat  Some  few,  and  not 
very  clearly  determinable,  vegetable  remains  from  Kome  (750-1100 
feet  above  the  sea),  and  from  the  strata  situated  nearest  the  surface 
at  Kudliset*  (Ritenbenk  coal-mine),  probably  belong  to  this  forma- 
tion, which  contains  more  slate  than  either  the  subjacent  Cretaceous 
strata  or  the  su|>eriniposed  Miocene  beds,  besides  sand  and  loose  sand- 
stone, but  no  traces  of  limestone.  The  thickest  Coal  strata  in  Green- 
land—as well  those  at  Atane  {the  richest  I  have  seen  in  Green- 
land) as  those  near  the  surface  of  the  water  at  Ipiit,  and  probably 
also  those  situated  750  feet  above  the  sea  at  Kome — ^belong  to  this 
period.  The  same  is  probably  the  case  with  the  strata  inclosing 
retinite  (not  amber)  at  Hare  Island.  Small  nodules  of  resin,  how- 
ever, occur  in  the  Greenland  Miocene. 

*  neer*8  Flora  Fossilis  Arctioa. 

'  The  upper  Btrata  in  the  ue\g\i\)ouT\iood  oC  KMdIiset  are  Miocene. 
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The  above  profile  shows  the  stratification  at  (Lower)  Atanekerd- 
luk.  The  mass  of  the  formation  consists  of  very  fine  black  argil- 
laoeons  slate  (a),  resembling  the  slate  from  Cape  Starastschin,  in 
Spitzbergen,  containing  a  quantity  of  plant-remains,  which,  how- 
ever, it  is  very  difficult  to  preserve,  in  consequence  of  the  brittleness 
of  the  slate.  There  are  no  marine  fossils  whatever  here,  so  that  it  is 
evidently  a  fresh-water  formation. 

At  Atane  the  adjoining  cliffs  nearest  to  the  water's  edge  are  con- 
cealed by  stone  and  gravel,  consisting  partly  of  sandstone  and  partly 
of  basalt  and  basalt  breccia  containing  zeolite.    Over  these  we  have : 

At  450  feet,  horizontal  strata  of  hard  saDdstone. 

At  600  feet,  argillaceoiu  slate  which  soon  alternates  with  sandstone. 

At  660  feet,  a  thick  coal-bed  resting  upon  fine  slate,  with  impressions  of  plants 

(Upi>er  Cretaceous)  and  particles  of  resin.     Then  again  slate,  often  inter- 

stratified  with  coal-beds  of  considerable  thickness. 
At  900  feet,  a  coal-bed  two  feet  thick,  from  which  on  the  side  left  bare  by  the 

ravine  a  white  salt  has  fretted  out  (sulphate  of  alumina).    On  this  is  a 

stratum  of  sandstone  60  feet  thick,  then  argillaceous  slate,  and  over  that 

sandstone  again,  and  lastly  basalt.  ^ 

On  the  fossils  from  these  places  Professor  Heer  remarks :  "  The 
fossils  from  the  lower  strata  at  Atanekerdluk  belong  probably  to  the 
Upper  Cretaceous.     This  appears  from : — 

"1.  The  presence  of  a  remarkable  Cycad  {Oycaditea  Dicksoni).  It 
is  true  that  this  is  not  altogether  consistent  with  the  supposition, 
that  these  impressions  belong  to  the  Eocene  formation ;  but  at  any 
rate  no  Cycad,  and  especially  no  CycaditeB^  has  hitherto  been  found 
in  strata  belonging  to  the  Eocene  epoch. 

"  2.  The  frequent  occurrence  of  ferns. 

"  3.  The  occurrence  of  a  Sequoia,  which  can  scarcely  be  distin- 
guished Trom  Sequoia  Beichenbachii, 

"  4.  And  of  a  Credneria,  of  which,  however,  only  fragments  are 
before  us. 

"  On  the  other  hand,  this  Flora  differs  entirely  from  that  at  Rome, 
especially  by  the  presence  of  pretty  numerous  dicotyledonous  leaves, 
which  are,  moreover,  quite  unlike  the  Greenland  Miocene  plants. 
The  investigation  of  these  fossils  presents  serious  difficulties,  as  the 
greater  part  of  them  are  those  of  full-bordered  leaves  with  a  compli- 
cated nervation  offering  but  few  fixed  points  of  discrimination.  One 
leaf  seems  to  agree  with  Magnolia  altemans,  Heer,  from  the  Upper 
Cretaceous  of  Nebraska. 

"These  dicotyledonous  leaves  indicate  the  Upper  Cretaceous  forma- 
tion, but  to  which  of  its  subdivisions  the  lower  strata  at  Atanekerd- 
luk are  to  be  assigned  can  only  be  determined  by  a  closer  investi- 
gation. This  new  flora  is,  at  any  rate,  one  of  the  greatest  discoveries 
of  the  Expedition  of  1870,  opening,  as  it  does,  for  North  Greenland 
an  entirely  new  geological  horizon,  which  shows  that  in  the  Arctic 
regions,  as  in  Europe,  Dicotyledonous  plants  do  not  occur  in  the  Cre- 
taceous beneath  the  Gault,  whereas  immediately  above  it  they 
appear  in  a  great  variety  of  forms.  In  North  Greenland  then,  as 
well  as  in  Europe  and  America,  the  vegetable  world  has  \uid»t^xi^ 
great  changes  during  the  course  of  the  CretaceoM^  ^^*^ 


"Inrixx  '-^  X!i>:«:tr  ieri':*i  a.uaa»  j£  Cttnlt.  luid.  and  dar.  to  a 
i- .  -1  ::  :i,i^T  '±i>-iAi=ji  Ire:,  jlat*  b^ec  ci^i  5«eiher  in  the  dutrict 
::  Tr^ir^iliiti  "»■*  kTr  -•:'■■  xx^i-i-erir^.  i&i  by  fjjr  the  gretter  putof 
zL'i  rxxi  :=.  I'iik:  I^lin-i  izri  y-.iiiiMk  p<ninsdb  belong  thodbie 
Tj  -?'-^'r  •=c«:«±.     P--r  Grater. '.fcTji  Mii:c«r&e  ssnfia  i  of  sedimeniuy  and 


Eksikl:.   Ti£.  K>i   Lavi  l^is  of  Krezml  th*?imnd  feet  in 
u  re-z'ilu'LT  srr^dji'ed  as  sand-bed&  often  altenm- 
u:   G<«:«w     It.   ibi:«   tbe   middle  of  this  basalt  for- 
z_iT:;-   Ifcjfn   ;:  fiesilii-irTri*  cLir,  sand,  and  fefXT^;inoas  day,  of 

■r  Lf:*:«e  Iirers  of  &\zlL  asd  oae  or  rvo  baa^is  of  day.  deposited 
::.  'i:r  <«/:::h-rm  s^-^kni  ::  ih-e  Isie  of  Disk-^.  ieltf'MB  the  basalt  locb. 
ar.i  "^^nrfvre  ni-zre  Kcec:  ului  then. 

Fr:=i  ill  these  I:c:uidesw  se|3Ara:ed  from  each  odier  by  basik 
*:rwi  ::  2>»j  f^c  '^ick.  namercos  fo«siIs  have  been  collected,  is- 
•i::-^L^  :^xi:riixi^  zo  H-eer  the  Mix^&ne  |Kri«>L  As  the  strata  are 
LrVrnLrlrss  in  ^^>^1'-^  r^^scte  widely  different  from  each  other, 
I  ^!ve  iL.  i.>v;mc  o:  eaoL  sef^razely. 

in.  : .  —  T- .' - '  An  .rl' '.  rV '. tf  # f r-j f  j .—At  Ataneker  11  uk  we  mett 
w::!  !>-:!*  :r:ni  :w:.  iiff-.rer*:  p-erl>i<,  njMiiely  :  1"  3«X"^ — 4C>0  feet 
v-.ve  :':.e  s**  sl.k:^i:-'»i*  w;:h  thin  sani-lAvers  and  coal-seams  iV  . 
*.'  z.'iA'.ilTLz  :":^*:I5  in.l-i'i  I-?"!  in  black  slate  and  belon^nng  to  tLr^ 
U;.T-jr  *.*rvt.i.>ri:::s  :Lo  Atanr  srrra  descril-c'l  in  IT.':  and  i2'  thick 
^..Li-r.-=:*.  -wi'.h  •>>::iisi:n.J  ban-is  ..f  slate  •".  d\  containing  but  few 
f>5:l>.  At  a  Lei*:L:  of  I'A'*!' — 12'>j  feet  al-."»ve  the  sea  these  lavers  of 
ia:.!  h-:-;rin  to  l-r  int^rst ratified  wi:h  a  ferruirinous  dav.  which,  a> 
w-li  a*  the  sandsti.-ne  that  occuri;  in  its  immediate  Aicinity.  is  iv- 
mirkabiy  rich  in  impressions  of  plants.  The  greatest  part  of  the 
fc Sails  that  have  been  }»r.»ught  home  from  Greenland  belong  to  this 
i'l-'.alitv,  -A  the  disooverv  and  scientific  examination  of  which  I  have 
alr-ra-lv  ;riven  a  succinct  account.  Here  I  will  onlv  add  a  few  worl> 
OK  tho  hitherto  imperfectly,  and  in  part,  inaccurately,  described 
^oogii'  tstio  relations  of  the  place. 

i5y  the  name  "  Atanekerdluk."  the  Greenlanders  properly  desijr- 
naie  a  little  peninsuLa,  four  hundred  feet  high,  and  connected  with 
th-.-  main  land  only  by  a  small  isthmus,  which  in  the  southern  ]virt 
of  th*^.-  Waigiit  forms  a  projection  from  the  cliffs  of  the  land  of  Xoursoak. 
which  are  Ix^ld  everywhere  else,  and  whose  brow  is  elevated  even 
close  to  the  coast  3000  feet.  The  place  was  formerly  the  seat  of  a 
Greenland  colony  assembled  round  a  Danish  "outpost"  (Utliggare\ 
but  is  now  deserted  and  uninhabited.  Deserted  house-sites  auJ 
paths,  which  in  Greenland  remain  unobliterated  for  a  great  length  of 

1  S«ckLn\ictoT^Y\«^,\^«a^.w 
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time,^  and  a  number  of  graves,  still  serve  to  remind  ns  of  the  now 
dead  or  scattered  little  colony.  The  peninsula  itself  is  formed  of  a 
rusty  brown,  rather  coarse-grained  dolerite,  composed  of  two  species 
of  felspar  (labradorite  and  sanidin?),  titanic  iron,  ciystallized  in 
tiiin  hexagonal  laminae  and  augite.  In  this  it  differs  from  the 
genuine  Greenland  basalt  and  basalt-tufif,  although  it  evidently  only 
forms  the  oldest  link  of  the  vast  volcanic  and  plutonic  chain  of  rocks 
of  North-west  Qreenland.  At  the  steep  cliffs  on  the  western  side 
of  the  peninsula  one  can  see  even  that  dolerite  is  lying  on  sand- 
stone of  the  same  loose  character  as  the  superjacent  sand  and  sand- 
stone beds. 

Immediately  on  the  other  side  of  the  low  isthmus,  that  rises  only 
a  few  feet  above  the  water,  and  unites  this  peninsula  with  the  main 
land,  we  first  meet  with  the  above-described  Atane  strata  (e),  then 
follows  sand,  after  which  a  basalt  bed  again,  covered  by  layers  of 
sand  alternating  with  slate,  and  crossied  by  vast  plutonic  veins  (a, 
a\  a!',  a'"),  which  seem  not  to  have  had  the  smallest  influence  on  the 
sand  through  which  they  have  broken.     Only  here  and  there  a 
grain  of  sand  is  found  melted  or  rather  rusted  into  the  surface  of  the 
dyke,  the  upper  part  of  which  now  generally  forms  a  ridge  *  standing 
up  from  the  surrounding  loose  layers  of  earth.     Between  the  layers 
of  slate  we  find  one  or  two  small  seams  of  coal,  and  in  the  sand  here 
and  there  a  carbonized  stem  of  a  tree,  but  no  real  impressions  of 
leaves,  till  we  come  to  a  height  of  1200  feet  above  the  sea.^    Here 
commences  sand  or  sandstone  mixed  with  clay,  covered  by  a  toler- 
ably firm   slate,  and  interstratified  with  thin  beds  of  ferruginous 
claystone  (6),  often  broken  up  into  larger  or  smaller  lenticular  masses, 
and  extremely  rich  in  Miocene  fossils.     These  occur  not  only  in  the 
ferruginous  clay,  but  also  in  the  surrounding  somewhat  hardened 
sandstone,  and  may  perhaps  be  obtained  from  this  sandstone  in  greater 
perfection  than  from  extremely  hard  and  immanageable  ferruginous 
clay.     We  often  find  in  sandstone  nodules  and  flat  ellipsoids  of 
ferruginous  clay  so  full  of  remains  of  plants,  especially  on  the  sur- 
face, that  it  looks  as  if  these  nodules,  before  they  had  hardened  and 
been  imbedded  in  the  sand,  had  been  rolled  in  a  heap  of  leaves.    The 
ferruginous  clay  has,  when  newly  broken,  a  dark  grey  fracture, 
which,  by  exposure  to  the  air  and  the  polishing  effect  of  the  sand,  ac- 
quires as  it  yrere  a  polish  and  a  brick-brown  colour.     Pieces  of  it  are 
plentifully   scattered  about  in  the  confined  locality  where  these 
vegetable-remains  occur.     In  the  same  sandstone,  a  little  south  of 
the  spot  where  the  impressions  of  leaves  are  met  with,  may  be 
found  at  the  edge  of  the  glen,  very  deep  at  this  spot,  trunks  of  trees, 
the  tops  of  which  rise  above  the  sand,  or  form  black  spots  in  the 
white  sand.     An  excavation  was  made  in  our  preisence,  and  we 

>  Rink  mentions  paths  still  remaining  in  districts  uninhabited  since  the  time  of  the 
old  Northmen  colonists,  and  we  ourselyes  could  clearly  distinguish  at  Kaja  the  paths 
round  the  long  deserted  house-sites  there. 

>  The  remarkably  slight  effect  which  the  eruptiye  rock  has  produced  on  the  sur- 
rounding layers  of  sand  astonished  Mr.  Brown. 

>  1084  Inglefield ;  1 175  mean  of  six  measurements  with  th&  ^liSSt^vWj  '^(T^yK^*^ 
1203  by  the  aneroid  used  by  the  Expedition  of  1870. 
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saw,  as  the  annexed  woodcut  indicatea,  tlie  roots  bnuich  out  ii 
underlying  clay-bed.     There  con,  therefore,  be  no  doubt  that  thM 
trunks  oaco  grew  in  the  plaoe 
Fm.  II.  where   they    are    now   foonl 

Above  these  strata  u  8Uii]. 
then  a  thick  stratum  of  bualt. 
.  over  which  sand  again,  and 
lastly  a  basalt  bed  of  perhaps 
2O00  feet  thick,  aud,  aa  far  ts 
one  can  judge  from  a  distaim, 
not  inters  tratified  with  layes 
of  sand  or  slate. 

At  Atanekerdluk  itself  tht 
strata  follow  the  direction  rf 
the  Btrait  (or,  more  oorrwtl; 
speaking,  run  true  KSW- 
bbE.'),  and  the  slope,  oA  in- 
mtromAUBskndiuk  jioated  in  the  following  sec- 
tions, taken  from  a  ravine  the 
direction  of  which  was  at  right  angles  to  the  shore,  is  ff'-SS'  EXE. 
Further  up  in  the  strait  the  strata  gradually  sink,  so  that  the 
onpping  of  basalt,  a  little  north  of  Atane,  reaches  down  to  the  surface 
of  the  sea.  The  perturbations  at  Atanekerdluk,  therefore,  seem  U 
have  been  only  local,  and  on  the  whole  the  strata  would  seem  to  lie 
pretty  nearly  horizontal,  with  a  alight  dip  to  KW. 

Tliis  Miocene  formation  has  evidently  in  former  times  cxteudtJ 
completely  over  the  Waigat  to  Disko  Isle,  at  tlie  south-east  angle  of 
which  it  attains  its  greatest  thickness.  One  may  here  see  from  the 
sea  sandhills  of  2000  or  3000  feet  high,  often,  but  not  always,  con- 
taining bnsalt-l>eds.  The  chief  subalancc  of  the  moimtaius  consists 
of  vast  horizontal  sand-beds,  interstratified  with  thiimish  beds  of  clity, 
and  occasional  horizontal  coal-bands,  and  carbonized  stems  of  trees. 
Boiuetimes  in  their  original  position  aud  of  considerable  size.  A 
stem  of  this  kind,  two  feet  in  diameter,  was,  for  example,  seen  iu  a 
rock  it)  tho  district  about  Mudderbugten.  The  quantity  of  carbonized 
stems  of  trees  ia  often  so  great  that  it  is  worth  the  while  of  the 
Green  landers  to  collect  and  use  them  as  fuel.  Silicified  stems  of  trees 
are  also  met  with,  though  more  rarely.  The  greatest  number  of  itu- 
pressions  of  leaves  occur  on  the  western  shore  of  the  Waigal,  as 
also  at  Atanekerdluk.  almost  invariably  imbedded  in  hard,  grev 
ferrugitiuua  claystone,  that  turns  red  by  exposure  to  the  corroding 
effect  of  tho  atmosphere  ("  Atanekenllukstoue"),  which  forms  eitlier 
jieculiar  beds  of  one  or  two  inches  thick  and  a  few  fathoms  iu  exieot 
or  lenticular  masses  imbedded  in  sand  or  clay,  or  small  balls  inserted 
iu  huge,  almost  spherical  sandstone  nodules,  detached  from  tho  sanil 
by  tho  infiltration  of  some  conglomerating  medium,  often  of  remark- 

'  ilcan  or  MTvral  observntions  made  iti  the  ratine  aloDK  the  side  of  which  1 
iBctiidwi  ihisslopc.  KroKU  (rives  E.  aud  W.  as  the  direction.  The  dilferenrt  pmhuhli 
arisea  frnm  the  nrcumstuncu  ttiut  tbe  miignetic  pertuihaliuiu  aC  AtanekerdlulL  ue  ol 
a  iucjl  aaturt',  aud  thus  ^eicul  iu  ^«TBa\i  n.v'vw^ 
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ably  r^alar  form  and  some  yards  in  section.  AtaoekerdluksloDe, 
libe  the  nearest  neighbouring  sand  and  clay  beds,  always  contains 
remains  of  leaves,  which  may  then  either  form  imall  aeparate  layerB 


Flo*,  lludl).— Serlaof  Stntoillunekerdlnk:  tlu  lalB  of  the  KadDd 
KcUon  being  iboui  luU  Uut  of  tb*  Bnt, 

or  an  isolated  nodule  in  the'  sand  of  some  few  inches  diameter; 
whereas  it  would  be  vain  to  look  for  impressions  of  leaves  in  the 
more  distant  tpnd-beds.  Coal  strata  worth  working  probably  do 
not  occur  in  this  horizon  of  the  Miocene;  at  least  the  layers  at  Atane, 
the  largest  coal-beds  at  Rome,  and  at  Ipiit  near  Kudliset,  seem  to 
htUmg  to  the  Upper  Cretaceous,  while  the  strata  at  Netluarsak,  Isorisok, 
the  coal  in  the  high  fells  at  Skandsen  and  Assakak,  belong  to  the 
middle,  ttof  the  lower  horizon,  of  the  Mioeeae  of  Oreenland.  Probably 
also  the  ooal-beds  at  Hare  Island  do  not  belong  to  this  formation,  as  I 
have  already  observed.' 

From  the  Lower  Miocene  strata  at  Disko  Isle  we  collected  fossils 

B  makes  it  QaKlh>UtlMi> 
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at  Flakkerkuk,  the  rocks  adjoining  Mudderbngten,  Isnngoalb,  lljan- 
susuk,  Iglosungoak.  None  of  these  localities  is  in  ric^ess  to  be 
compared  with  Atanekerdltik. 

III.  &. — Ipsorisoh  strata. — By  this  name  I  designate  the  thinniA 
layers  containing  fossils  that  occur  imbedded  in  the  basalt  of  the 
high  hills.     Such  strata  have  been  met  with  at — 

NeUtiarsuJc,  between  Noursoak  and  Noursak.  A  little  north  of 
Atane  the  basalt  strata  sinks  down  to  the  surface  of  the  sea,  and 
from  a  distance  it  is  impossible  to  discover  in  the  very  r^olaily 
stratified  basalt-beds,  ending  at  the  shore  with  a  vertical  section  d 
several  thousand  feet,  any  sand  or  argillaceous  slate-beds.  Neither 
do  the  Greenlanders  know  of  any  other  coal-beds  in  that  neighbour- 
hood than  one  which  is  met  witii  at  Netluarsuk,  at  an  elevation  of 
about  1000  feet.  The  strata  are  here  for  a  distance  of  a  few  dosen 
feet  exposed  at  a  steep  gorge  between  the  basalt  hills.  They  se^a 
to  be  of  trifling  thickness,  and  consist  of  alternating  beds  of  from 
0*2  to  2  inches  thick  of  sand,  coal,  slate,  and  a  ferruginous  clay, 
different  in  appearance  from  the  ferruginous  clay  at  Atanekeidlak, 
though,  like  it,  full  of  fossils,  chiefly  of  fir  leaves  and  twigs,  mixed 
with  clay  or  coal.  Among  these  fossils  occur  not  only  leaves 
and  cones,  but  also  seeds.  The  coal  consists  almost  exclusively  of 
flattened  and  carbonized  stems.  " 

IfsorisoJcj  a  place  situated  about  12  miles  from  the  coast,  and  2250 
feet  above  the  sea.  We  visited  the  spot  from  Hollandarbugten  or 
Itiblit,  situated  a  little  to  the  north  of  Niakomet  Some  distance 
from  the  coast  we  first  find  thick  layers  of  a  rock,  which  appears  to 
be  a  much  changed  siliceous  slate.  Afterwards  the  path  proceeds  up 
steep  slopes  of  basalt  detritus  and  basalt  rocks,  or  (at  2300  feet)  ex- 
tensive plains,  covered  with  the  same  material,  and,  at  the  period  of 
our  visit,  free  from  snow,  though  hardly  clothed  with  any  vfegetatioiL 
Here  one  has  to  pass  long  distances  over  weathered  and  crumbling 
slabs  of  basalt,  which  show  that  the  underlying  rocks  are  everywhere 
composed  of  eruptive  masses.  From  these  plains  considerable  basalt 
hills  rise  further  inward,  among  which  Kinnitok — a  lofty  mountain 
ridge  between  Niakomet  and  Ekkorfat — is  the  largest.  This 
moimtain  is  probably  5000  or  6000  feet  high,  and,  seen  from  a  dis- 
tance, appears  also  to  be  composed  entirely  of  the  eruptive  rock 
common  in  these  parts. 

Somewhat  beyond  the  spot  where  one  passes  the  highest  point  of 
the  plains  are  some  shallow  valleys.  In  the  slope  of  one  of  them  is 
the  spot  which  formed  the  object  of  our  visit.  The  place  betrajs 
itself  by  larger  or  smaller  pieces  of  coal  lying  mixed  with  the  basalt 
detritus,  and,  on  digging  here,  sedimentary  strata,  consisting  of 
caol-seams  some  inches  thick,  sandy  clay,  and  fine,  grey,  hardened 
clay  are  discovered.  The  clay  contains  impressions  of  plants,  and 
among  the  coal  flattened  and  imperfectly  carbonized  tree-stems  are 
met  with.  Silicified  wood  is  also  found  in  the  gravel.  The  schists 
are  evidently  of  no  great  thickness,  but  regularly  stratified  with  a 
dip  of  about  10®  towards  the  north. 
•^    Assakak, — ^Immediately  south  of  Kome  river,  Noursoakland,  nearest 
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the  shoro  is  occupied  by  lofty  gneiss  rocks,  between  which  a  number 
of  glaciers  project  One  of  ^ese,  Assakak  glacier^  has  long  been 
oelebrated  for  the  charred  tree-stems  lying  scattered  on  the  surface 
of  the  ice.  The  glacier  itself  does  not  reach  down  to  the  sea,  but  is 
separated  from  the  strand  by  a  low  foreland,  covered  with  boulders 
of  gneiss,  and  passing  without  any  discoverable  line  of  demarcation 
into  the  glacier,  which  is  there  also  itself  covered  with  gravel.  The 
gravel,  however,  here  principally  consists  of  angular  fragments  of 
basalt,  among  which  pieces  of  charred  wood  may  be  here  and  there 
xemarked.  Higher  up  Uie  mass  of  charred  or  silicified  wood  increased 
oonsiderably,  and  was  often  piled  together  as  if  by  human  hand. 
It  was,  however,  easy  to  satisfy  oneself  that  this  was  not  the  case, 
but  that  the  coal  came  from  some  stratum  in  the  neighbourhood 
of  the  glacier,  on  the  surface  of  which  it  now  lay  scattered,  chiefly 
at  a  height  estimated  by  me  at  about  300  feet.  The  nearest  high 
mountains  surrounding  the  glacier  seemed  to  consist  of  gneiss,  horn- 
blende slate,  etc.  A  thick  fog  prevented  us  from  seeing  far  inward, 
and  induced  us  to  defer  an  excursion  we  had  intended  in  that  direc- 
tion, which  probably,  as  far  as  the  object  of  finding  the  stratum 
£rom  which  the  pieces  of  wood  had  come  is  concerned,  would  not 
have  been  crowned  with  success.  In  fact,  it  is  probable  that  the 
fragments  of  wood  belong  to  a  Tertiary  stratum  beneath  the  glacier. 
After  a  careful  search,  pieces  of  clay  and  sandstone  were  found,  con- 
taining remnants  of  plants  exactly  similar  to  the  fossils  at  Ifsorisok, 
whence  I  draw  the  conclusion,  that  the  strata,  where  the  coal  has 
originated,  were  about  contemporaneous  with  those  of  Ifsorisok  and 
Netluarsuk. 

The  strata  of  this  horizon  are  separated  from  the  Lower  Miocene 
strata  at  Atanekerdluk  by  basalt-beds  several  thousand  feet  thick, 
for  the  stratification  of  which  an  immense  i^pace  of  time  must  have 
been  required,  and  one  would  accordingly  expect  to  find  here  remains 
of  a  vegetation  very  difierent  from  the  Miocene  vegetation  of  Atane- 
kerdluk. But  this  is  not  the  case.  According  to  Professor  Heer,  the 
fossils  in  both  these  places  have  a  purely  Miocene  stamp.  As  evidence 
of-  this  Professor  Heer  adduces  the  presence  of  Seqaoia  Langsdorfii, 
at  Ifsorisok,  and  that  of  Taxodium  distichunif  Glyptostrohus  Europaus 
and  ChamcBcyparis  masailieiisis,  at  Netluarsak. 

rV. — The  Sinnifik  strata. 

At  Godhavn  the  basalt  rests  immediately  upon  gneiss,  but  only 
a  little  way  to  the  east  the  eruptive  rock  reaches  the  sea-level, 
and  in  rowing  here  along  the  southern  shore  of  Disko,  one  passes 
by  cliffs  of  basalt-tufi*  and  basalt,  often  (as,  for  example,  at  the 
Brannvinshamnen)  broken  up  in  the  most  splendid  manner  into 
hexagonal  basalt  columns,  basalt  grottoes,  and  basalt  arches.  On 
the  other  side  of  Brededalen  the  basalt  first  begins  to  be  inter- 
stratified  with  sand  and  slate  beds,  which  probably  are  the  beginnings 
of  those  vast  sand  strata  that  meet  us  on  both  sides  of  the  entrance 
to  the  Waigat 

Further  on,  at  Puilasok  and  Sinnifik,  the  shoi^  it»^\i  ocyci^AS^  <il 
sand  strata,  with  very  thin  slate^  seams,  here  aii^  \ket^  SsX/^xrvx^Xft^ 


Frof.  Nordemkiold — Expedition  to  Greenland.  461 

^rcelj  need  mention  that  this  discovery  completely  altered  the 
Lan  for  our  further  excursions.  Our  intention  had  been  to  employ 
16  rest  of  our  sojourn  in  Greenland  in  an  examination  of  the  basalt 
)rmations  between  Skandsen  and  Godhavn,  and  we  had  therefore, 
nmediately  on  our  arrival  at  Godhavn,  hired  two  whale-boats 
lanned  with  Greenlanders,  with  a  view  to  rowing  in  short  day- 
lomeys  with  them  along  the  coast  of  Disko  to  the  eastward  of 
rodhaven.  These  boats,  on  the  morning  when  the  discovery  of  the 
leteorites  was  made,  lay  ready  and  provisioned  on  the  strand.  We 
nmediately  set  sail,  and  sailed  favoured  by  a  tolerably  good  wind, 
ot  eastward,  but  westward  to  Ovifak,  where  we  arrived  the  same 
rening  before  sunset.  The  sea  was  calm,  so  that  it  was  possible  to 
mdr  and  the  very  stone  at  which  we  lay  to  was  itself  a  piece  of 
leteoric  iron,  probably  the  largest  piece  as  yet  known.  On  searching 
lore  carefully  we  further  discovered  two  large  and  a  great  number 
f  smaller  pieces  of  meteoric  iron  scattered  over  an  area  of  a  few 
luare  fathoms  in  the  vicinity  of  the  large  stone. 

The  meteorites  lay  as  on  the  accompanying  map  (PI.  VUJ., 
^gs.  1  and  2)^  and  ideal  section,  between  high  and  low  water, 
mong  rounded  gneiss  and  granite  blocks,  at  the  foot  .of  a  vast  basalt 
lip,  from  which,  higher  up  the  perpendicular,  horizontally  stratified 
asalt-beds  of  Mount  Ovifak  projected.  Sixteen  metres  from  the 
irgest  iron  block  a  basalt  ridge  of  a  foot  high  rose  from  the 
etritus  on  the  strand,  and  could  be  followed  for  a  distance  of  four 
letres,  and  was  probably  part  of  the  rock.  Parallel  with  this  and 
earer  to  the  strand  ran  another  similar  ridge,  also  about  four  metres 
>ng.  ITie  former  contained  lenticular  and  dish-shaped  blocks  of 
ickel  iron,  in  external  appearance,  chemical  nature,  and  relation  to 
lie  atmosphere  (weathering),  like  meteoric  iron.  On  being  polished 
nd  etched  this  iron  exhibited  fine  Widmanstadt's  figures.  The 
Ative  iron  lay  imbedded  immediately  in  the  basalt,  separated  from 
;  at  the  m'ost  by  a  thin  coating  of  rust.  Moreover,  in  that  basalt,  in 
lie  neighbourhood  of  the  blocks  of  native  iron,  nodules  were  found  of 
lisingerite,  evidently  formed  by  the  oxidation  of  the  iron,  as  also 
mall  imbedded  particles  of  nickel  iron. 

The  meteorites  themselves  were  of  various  colours,  from  that  of 
3mbac  to  rusty  brown,  and  at  least  in  some  places  had  a  metallic  lustre 
n  the  surface.  Here  and  there  one  could  discover  upon  their  surface 
nd  in  the  iron  nearest  the  surface  pieces  of  basalt  or  fragments  of 

crust  of  basalt  perfectly  similar  to  the  basalt  in  the  above-described 
idge.  The  inner  part  of  the  iron  mass  contained  no  basalt,  and  as 
ur  as  analysis  has  yet  been  able  to  discover,  scarcely  any  traces  of 
Uica.  In  the  neighbourhood  of  the  smaller  stones  the  sand  and 
ravel  were  rusty  with  the  e£fects  of  the  weathering  of  the  meteorites, 
et  their  upper  surface  was  usually  pretty  pure,  but  the  under  sur- 
loe  generally  rusty.  The  larger  stones  were  strongly  polar-mag- 
etic,  so  that  the  upper  part  of  the  stones  attracted  the  north,  the 
>wer  part  the  south  pole  of  the  magnetic  needle. 

^  This  Plate  was  inserted  at  p.  355,  Geol.  Mao.  for  August  last^  mtK'6«x\  W  ^\ 
rof.  Nordenskiold's  paper. — Edit.  Geol.  Mao.  ^ 
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'  Within  the  area  repreeented  od  the  rough  chart,  not  exceeding  oO 
Kqoarc  metres,  the  following  blocks  of  meteoric  iron  were  found  If 
the  Expedition  of  1870 : 


Fia.  U.-'The  iaite  luiral  Mttrork  SIodh,  >     Fniu  i  ikMch  mida  oa  tlu  ipM 
b;  Dr.  Tb.  Naidraom,  ld.  1170. 

1.  A  itone,  DTsUy  roondod.   GieaUat  disu.*  2iiiet.  mudlot  I'T  m. 

Probable  weight  >    ...            ...            ...            ...            ...  Sl,OOOEilo^. 

3.  A  ncarlj  spheriral  rtoue.    6reat«it  and  lent  diam.  rs  and 

l-27mct.    Pmbablcireighti...            ...            ...            ...  8,600  „ 

3.  A  innifwbat  conkul  stone.    Greatest  and  least  diam.*  V\5  and 

0-8.T  mel .     rriibalilt  wcifrht '                  ...              ...              ...  7,000  „ 

i.  An  ovill  Hone  (I'lale  XIX. -XX.,  Fip.  1)  weighing  ...            ...  U*'  ,. 

6.  A ilriip-fhnped  sliine  (Fie.  2)  weighing     ...            ...            ...  96  „ 

6.  A  ditio  dirto,  DOW  hclonging  to  the  UHcish  Museam          about  S7  „ 

T,  A  Blone  (Kig.  3)  weitrhing          ...            ...            ...          „  64  ,. 

8.  A  BUm.'  (Fig.  4)  weighing          ...            ...            ...            ...  SI  „ 

9.  A  stone  (Fi^;.  A)  weighing           ...              ...              ...         about  13  „ 

10.  A>lone(Fig.  6)            _ IS  „ 

11.  Aetone  (PiR.  7)            ...              ...              ...              ...              ...  21  „ 

1^.  A  Btone  whidi  immPdiatdy  after  out  aniTal  home  fell  to  dust, 

origiMiilly  wei[;hin);...            ...            ...            ...       about  $t  „ 

13.  A  nmallcr  stone  weigliing           ...            ...            ...            ...  6'4  „ 

14.  Aditlo      ditto            ...            ...            ...            ...            ...  3'4  „ 

15.  Adillo       ditto              ...              ...              ...              ...       _      ...  2-5  „ 

Sereral  lenticular  pieces  of  iron  from  the  basult  vein,  of  3-4  inches 

thick,  Kcigliing  ultugi'ther    ...            ...            ...        about  100  „ 

The  Ovifalc  iron  is  extrenielj  crj-stalline  and  brittle,  bo  tixst 
smaller  pii-ces  inny  be  broken  with  a  hammer,  and,  with  the  ex- 
ception of  the  little  bits  of  basalt  on  or  near  the  surface,  is  not  luiied 
with  any  silicates  visible  to  the  naked  eye.  The  iron  from  the 
basalt  ridf^o  differs  fnim  the  otlier  by  a  rougher  fracture  and  greater 
toughnesH.  Wilh  the  naked  eye  one  can  seldom  discover  any 
nodides  of  troilite  or  iron -sulphide.  In  the  weathered  detritus,  on  the 
otlier  hand,  a  few  black  magnetic  grains  were  found,  with  stronf;ly 
reflecting  faccttes  and  octahedral  surfaces,  which  on  examination 
we  found  to  be  magnetite.     When  cut  and  polished,  the  different 

'  Brought  to  Europe  bj' the  Swedish  Greenland  Expedition  of  IB72,  under  eomnusil 
o/Capt.  llnron  vouObcr. 
'  Ut  the  parts  of  the  stones  tiiiL^,  Wj  t.\KiTt  ^irau^ 
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specimens  varied  very  greatly;  on  some  of  them  parts  yellow  as 
brass,  of  troilite  were  discernible,  and  the  polished  surface  of  the 
metal  itself  appeared,  when  the  light  fell  on  it  in  a  certain  direction, 
divided  into  rounded  parts  of  different  brilliancy  and  shades  of 
colour.  Other  pieces  seemed  to  form  a  perfectly  homogeneous  aggre- 
gate of  crystal  needles  of  carburetted  nickel  iron.  The  Widman- 
stadf  8  figures  were  visible  after  etching  on  some,  but  not  all,  of  the 
specimens.  These  were  particularly  distinct  on  the  iron  from  the 
aboffe-meniioned  basalt  ridge.  In  general  the  iron  was  so  hard  that 
they  would  not  imdertake  at  the  ironworks  to  saw  through  any  of 
the  laiver  balls,  in  consequence  of  which  I  know  no  more  of  the 
intemal  character  of  the  meteoric  iron  than  what  I  could  ascertain 
ftom  the  specimens  which  fell  to  pieces. 

(To  be  concluded  in  our  next.) 


ITOTIOES      OIF      3^E3^0IKS- 
Papsbs  Read  bbjtorb  thb  Bbitish  Absociation,  Brighton,  1872. 

I. — On  the  Ogoubbenoe  of  Tbunks  of  Psabonius  in  an  Ebect 
Position,  besting  on  theib  obiginal  Bed,  in  Rooks  of  Devo- 
nian Age  in  the  State  of  New  Yobk  ;  with  some  Infebenoes 

BEGABDING    THB     CONDITION     OF     SeA-BOTTOM     AND     ShOBE-LINE 
BUBING  THE  DEPOSITION  OF  THE  StBATA. 

By  Professor  Jamss  Hall,  For.  Memb.  C^l.  Soc.,  Lond. ;  of  Albany,  U.S.A. 

AFTEB  a  preliminary  explanation  of  the  general  geological  fea- 
tures and  sequence  of  the  formations  in  the  State  of  New  York, 
and  a  comparison  of  the  thickness,  condition,  and  nature  of  the 
sedimentary  deposits  along  the  Apallachian  range,  and  in  the 
plateaux  of  the  west,  Mr.  Hall  proceeded  to  the  subject  of  the  paper. 

During  the  year  1870,  some  excavations  made  in  Schoharie  County, 
New  York,  in  beds  of  fine  sandstone  referred  at  that  time  to  the  upper 
part  of  the  Hamilton  Group,  but  which  probably  belong  to  higher 
beds  of  the  series,  several  trunks,  which  appeared  to  belong  to  Tree- 
ferns,  were  found  in  an  upright  position,  with  their  bases  resting  in 
and  upon  a  clay -bed,  in  which  they  appear  to  have  originally  grown. 
The  clay-bed  is  filled  with  thin  blackened  bits  of  vegetable  substance, 
which  appear  to  belong  to  the  large  roots  or  bases,  but  no  direct  con- 
nelion  has  yet  been  shown.  The  strata  above  this,  which  enveloped 
the  trunks  to  the  height  of  two  or  three  feet,  were  filled  with  frag- 
*  ments  supposed  to  belong  to  these  trunks  and  of  other  vegetation  of 
the  period.  These  trunks  have  been  referred  by  Principal  Dawson, 
of  Montreal,  to  the  genus  Psaronius;  and  he  has  determined  two 
or  more  species  from  the  locality. 

The  points  which  1  would  call  attention  to  are  not  those  relating 
to  the  structure  or  relations  of  these  plants,  but  to  the  fact  that  their 
presence  indicates  a  point  of  comparatively  dry  land  upon  the 
eastern  margin  of  the  Devonian  Sea.  The  position  and  relation  of 
these  trunks  does  not,  I  think,  admit  of  a  doubt  thaA.  tVi'^^  V^b^^  x^- 
tained  the  position  and  locality  in  whicli  the^  ^^yr.    ^o\&<^^Cc^s&sk 
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twelve  of  these  trunks  were  foond  on  two  sides  of  an  araft  last 
sixty  feet  square.    Thej  were  of  Tsrions  sise8»  fiom  less  Hfutm 
inches  diameter  in  their  smallest  part  to  more  than  one  fnt^ 
diameter  at  the  same  height  above  the  base.     Several  of  fliMi~ 
a  diameter  of  more  than  two  feet  at  the  spreading  baae^  snilhsil=;| 
seen  one  specimen  of  fully  three  feet  in  diameter  at  its  faaaa 

The  strata  in  the  immediate  neighbonriiood  contain  ft w  cngmiMf^ 
mains  except  plants,  bnt  the  strata  both  below  and  above  as  wstti 
on  thishorizon  contain  nomerons fossil  sbellsy  Qmstaoea^ efax 
in  a  westerly  direction,  the  sandy  beds  lose  their  ooaraeDass^ 
shales  become  finer,  until  we  find  deposits  of  oaloaieoiu  nuid.   t^'. 
ceding  from  what  I  suppose  to  have  been  the  ancient  Bhoxe-BnBi,  flt«. 
fossil  shells  are  principally  LamMSnunehiata  ;  the  BraMopoim  da  Mt.- 
come  in  at  all,  or  but  in  small  degree,  till  we  have  trmveOed  a  oifr . 
siderable  distance  to  the  westward.    Moreover,  wh^i  vre  have  so  te 
left  the  shore-line  that  we  can  take  satisCoKstoxy  cognizance  of  As 
condition  of  the  sediments,  we  find  them  made  in>  of  altematioBSof 
harder  and  softer  beds — ^that  the  LamMhramelnaia  are  oonfinad  ta 
the  harder  and  coarser  beds,  and  the  Brackwpoda  to  the  finer  ssfr 
ments,  as  a  rule.    Not  only  so,  but  sometimes  the  eoarser  bedi  an 
charged  with  a  few  species  of  particular  genera,  as  of  the  AwMo- 
peeten,  while  others  are  crowded  with  Modida-like  formsy  with  fiefw 
AvictdopeHen;  while  Gramsiyata,  a  genus  which  may  perhna  hebi^ 
to  the  Unionida  has  sometimes  flouriidied  abundantly  to  the  ahnoet 
entire  exclusion  of  everything  else. 

Were  we  to  make  verticAl  sections  at  some  points  along  a  line 
extending  westerly  from  the  first  points  indicated,  we  should  have 
something  like  what  I  have  shown  in  the  diagram  whei'e  I  have 
indicated  the  harder  layers  as  much  thicker  than  the  softer  onei» 
which  are  wedging  out  to  the  eastward.  At  another  point,  fifty  or 
one  hundred  miles  westward,  we  should  find  many  of  the  harder 
beds  wedging  out  in  that  direction,  and  the  softer  shales  pre- 
dominating in  thickness,  as  shown  in  tiie  diagram. 

It  80  happens  that  we  have  a  direct  line  of  outcrop  of  more 
than  three  hundred  miles  from  east  to  west,  and  while  at  the 
eastern  end  the  sediments  are  coarse,  and  the  prevailing  fossils  are 
Lamellibranchtata,  with  a  few  large  Cephalopoda,  we  have,  at  the 
western  extremity,  fine  calcareous  shales,  with  abundance  of  BraelMh 
poda  and  Corals,  while  LameUtbranchtaUi  are  rare.  These  fyt' 
mations  in  their  greatest  thickness  are  quite  four  thousand  feet,  and 
in  their  greatest  attenuation  about  two  thousand  feet.  Every  layer  • 
has,  of  course,  at  one  time  been  the  sea-bed  on  which  the  animali 
have  lived,  and  the  final  result  has  been  the  slow  depression  of  this 
sea-bed  to  accommodate  the  gradually  accumulating  sediment 
The  belt  of  sediment  in  which  the  fossil  trunks  stand  has  again 
been  submerged,  and  hundreds  of  feet  of  marine  strata  of  the  same 
age  have  accumulated  above  them. 

Now  the  question  arises  whether  this  depression  has  been  gradual 
and  constant,  or  whether  there  have  been  intervals  of  depressiont 
— ^  Gitalin  of  elevation,  making  th^  movement  which  resulted  in  the 
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final  depression  one  of  oscillatiop.  I  have  inferred  the  latter 
■  the  actual  condition  during  all  this  period  of  the  sedimentary 
ooomnlations.  I  am  inclined  to  believe,  moreover,  that  the  alter- 
Btttion  of  coarser  and  finer  beds  may  be  due  to  such  action,  and  that 
Bie  pushing  out  of  these  coarser  beds  towards  the  westward,  charged 
IS  tney  are  by  a  littoral  fauna,  may  be  due  to  the  elevation  of  the 
dunro-line,  and  the  consequeift  extension  of  such  sediments.  When 
^gain  the  shore-line  recedes,  from  the  gradual  submergence  and  de- 
pression of  this  area  below  the  sea-level,  the  finer  sediments  encroach 
Wfosk  the  area  before  occupied  by  the  coarser ;  the  Brachiopoda  suc- 
seed  tb  the  Lamelltbranchiata,  and  we  have  the  alternation  of  coarser 
snd  finer  deposits,  and  the  alternation  of  generations  of  essentially 
the  same  species,  with  now  and  then  the  coming  in  of  new  forms. 
Whether  this  view  be  tenable  or  not  must  depend  on  future  con- 
tinned  and  careful  investigations.  I  had  entertained  this  view  from 
tiie  alternation  in  the  character  of  the  sediments  and  the  fossils.  The 
discovery  of  this  evidence  of  a  shore-line,  which  afterwards  became 
sabmeiged,  and  again  elevated,  and  extended  westward  at  a  later 
period,  seems  to  offer  some  confirmation  of  the  view. 


H. —  Ok   THiB    Tbee-ferns    of    thb   Coal-measubes,   and    thkib 

Affinities  with  Existing  Forms. 

By  W.  Cakruthebs,  F.R.S. 

LINDLEY  and  Hutton  describe  two  species  of  Tree-ferns  from 
the  Goal -measures,  both  from  the  Bath  Coal-field.  I  have 
been  able  to  add  eight  species  hitherto  undescribed,  chiefly  through 
the  assistance  of  J.  M'Murtrie,  Esq.,  of  fiadstock.  These  belong  to 
three  groups,  which  are  remarkably  distinguished  by  peculiarities  in 
the  structure  of  the  stems.  Two  of  the  groups  belong  to  living 
forms,  while  the  third  is  extinct,  being  confined  to  Palssozoic  forma- 
tions. Caidopteris  and  Tubicaults  belong  to  the  same  type  as  the 
living  Ferns  which  possess  stems,  including  under  this  term  the 
humble  stems  (falsely  called  rhizomes)  of  many  of  our  British 
species,  as  well  as  the  arborescent  Ferns  of  warmer  regions;  and 
exdading  the  rhizomatous  forms  like  Fterta,  Pohjpodium,  and 
Sfymenophyllum,  In  all  these  stems  we  have  a  central  medulla, 
suTEOunded  by  a  continuous  vascular  cylinder  penetrated  regularly  by 
meshes,  from  the  margins  of  which  the  vascular  bundle  or  bundles 
to  the  fronds  are  given  off,  and  through  which  the  parenchyma  of 
the  medulla  is  continuous  with  that  of  the  stipes.  In  most  Tree- 
ferns  the  medullary  axis  is  larger,  and  the  bases  of  the  stipes  decay 
down  to  the  circumference  of  the  stem;  but  in  Osmunda  the  persistent 
bases  of  the  stipes  permanently  clothe  the  small  vascular  cylinder 
which  incloses  a  slender  pith.  To  this  latter  form  belongs  the  stipe 
with  a  dumb-bell-shaped  vascular  bundle,  separate  specimens  of 
which  I  have  obtained  from  the  Coal-measures.  These  have  been 
described,  both  on  the  Continent  and  in  this  country,  under  the  name 
of  ZygoptertB,  but  they  belong  to  Cotta's  genua  Tii^catJ,\s ;  ^lA  V^«^ 
TOL,  xz. — yo,  c,  7^ 
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are  very  closely  allied  to  a  group  of  Fern  stems  'which  I  have  alra^ 
placed  together  under  the  name  of  Chdepieri»,  The  stem  stnctnn 
of  the  common  Tree-fern  is  represented  by  the  genus  Caidopterii,  d 
which  I  have  six  si)eGie6  of  Cflurboniferoas  age. 

The  third  and  extinct  group  is  represented  by  Corda*8  genu  Stm- 
matopteris,  only  now  known  to  be  British,  and  by  Psaronius,  whick 
is,  however,  not  a  separate  generic  form ;  it  is  based  on  the  intonil 
structure  of  the  stems  of  which  Corda's  genus  is  the  external  a^eet 
The  chief  characters  of  Psarontus  have  been  drawn  from  the  strw- 
ture  of  the  aerial  roots  which  invest  the  stem,  from  which  indnd 
the  generic  designation  was  derived ;  while  the  structure  of  the  iIeb 
itself  has  been  overlooked.  But  this  is  really  of  the  first  imooia- 
ance,  as  will  appear  from  the  following  description  which  I  un 
been  able  to  make  from  a  finely-preserved  specimen  of  an  so- 
described  species  in  the  British  Museum,  and  from  the  figures  of 
Cotta  and  Corda.  Tlie  circumference  of  the  stem  was  composed  of 
a  continuous  envoloi)0  of  indurated  tissue;  within  this  there  vm 
perpendicular  tracts  of  vascular  tissue  never  penetrated  by  any  mesh. 
Between  these  tracts  the  leaves  were  given  o£f  in  perpendicokr 
series,  the  largo  single  leaf  bundles  coming  right  out  from  the  centnl 
parenchyma,  where  they  existed  as  well-formed  bundles,  filling  up 
more  or  less  completely  the  medullary  cavity.  In  one  form  {ZipptA) 
the  leaves  are  opiK)site,  and  the  great  proportion  of  the  circumference 
of  the  stem  is  made  up  of  the  persistent  and  common  vascular  tissne: 
in  others  (species  of  Fsaronius)  the  permanent  elements  of  the  stem 
consist  of  three,  four,  six,  or  more  peqiendicular  tracts. 

The  first  two  groups  are  analogous  in  the  arrangement  of  tlie  parts 
of  their  stems  to  that  which  exists  in  the  first  year's  growth  of  * 
dicotyloilon.  In  both  tlicre  is  a  parenchymatous  medulla  surrounded 
by  a  continuous  vascular  cylinder,  which  is  perforated  in  regular 
manner  by  meshes  for  the  passage  out  of  the  vascular  elements  d 
the  appendages.  The  stems  of  the  third  group  have  a  structure 
anal(\ij:ous  to  that  which  is  found  in  the  stems  of  monocotyletlons,  for 
in  both  "we  have  the  vascular  bundles  of  the  appendages  existing  in 
the  parenchymatous  axis,  and  passing  out  independently  of  any 
closed  cylinder.  The  permanent  elements  of  the  circumference  of 
the  stems  of  Paaronius,  are,  however,  without  any  analogue  in  the 
monocotyledonous  stems. 

There  seems  then  good  reason  for  establishing  two  groups  of  Ferns, 
with  difterences  characteristic  of  their  stems,  amiparable  to  those 
which  distinguish  the  stems  of  monocotyledons  from  those  of  dico- 
tyledons. But  the  caution  I  have  always  insisted  on  in  dealing  only 
with  vegetative  orgjms  is  specially  required  here,  for  I  have  dis- 
covered, I  believe,  the  fruiting  fronds  of  one  species  of  this  group  of 
plants.  With  the  Bath  specimens  of  tStemmatopteria  insignia.  Corda. 
as  well  as  with  those  found  on  the  Continent,  the  fronds  of  P*Topt(ns 
arborescens  are  always  associated.  It  is  the  only  Fern  fouud  with 
some  of  the  Bath  sjiecimens.  It  is  also  to  be  obsen'ed  that  the  leases 
of  the  stipes  correspond  with  the  size  of  the  leaf-scars  on  the  stems. 
These  facts  are  not  ab^V\x\je\^  ^M'^^^^vent  for  the  correlation  of  the 
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fronds  with  the  stem,  hoi  they  are  tlie  best  eiddenoe  for  this  that  we 
can  expect  in  Fossil  Botany  short  of  actual  organic  union.  Now  the 
firoit  of  Peeopteris  arhorescena  is  so  near  to  that  of  Cyathea  that  I  can 
find  no  chfioacters  whereby  they  can  be  separated.  Our  classifica- 
tion based  on  the  stems  must  of  course  yield  to  that  derived'  from 
the  organs  of  fructification,  and  our  group  of  Ferns,  instead  of  being 
made  into  a  new  order,  as  would  be  ihe  case  by  some  who  publish  on 
Fossil  Botany,  must  be  grouped  with  a  tribe  of  recent  Polypodiacea. 
It  may  seem  that  this  is  a  forced  and  arbitrary  grouping  together 
of  plants  that  in  some  important  characters  so  remarkably  differ ; 
and  so  it  is  undoubtedly  to  those  who  with  rash  confidence  generalize 
cn  the  systematic  position  of  plants  from  stem  structure  alone.  But 
-wlifit  can  such  objectors  say  to  the  practice  of  placing  in  close  prox- 
imity plants  that  are  beyond  question  nearly  rdated  to  each  other  in 
all  essential  characters,  though  some  have  caudices  while  others 
possess  rhizomes  ?  Tet  these  two  forms  of  stems  are  more  widely 
aeporated  from  each  other  than  the  extinct  Pal»o0oio  group  is  from 
tlie  reoent  forms. 


m. — On  the  Ogoubbenoe  of  a  Eimabkable  G^oup  ofGbaptolites 
IN  THE  Abenig  Books  of  St.  Dayii>'8,  South  Wales. 

By  John  Hopkjnbon,  F.G.S.,  F.K.M.S. 

IN  a  series  of  black,  iron-staiued  shales,  about  1000  fleet  in  thick- 
ness, which  form  the  lowest  beds  of  ihe  Silurian  rocks  in  the 
immediate  vicinity  of  St.  David's,  the  author  noticed  the  occurrence  of 
about  twenty  species  of  Graptolites,  which,  he  consideced,  furnished 
conclusive  evidence  of  the  equivalency  of  these  beds  with  the  Quebec 
^roup  of  Canada,  the  Skiddaw  slates  of  Cumberland,  and  the  Arenig 
group  of  Shelve.  From  their  stratigraphical  position,  and  from  the 
evidence  afforded  by  the  fossils  they  had  previously  yielded,  these 
rocks  had  already  been  inferred  to-  be  of  Arenig  age. 

The  Qraptolites  were  collected  in  the  lower  beds  of  the  series  at 
Bamsey  Island  and  Whltesand  Bay,  by  Messrs.  B[icks,  Homfray, 
Ldghtbody,  Eirshaw,  and  the  author,  in  the  course  of  a  few  days 
tbev  spent  together  at  St.  David's  in  July.  « 

Of  the  true  Qraptolites,  or  Bhabdophara,  the  only  genera  of  un- 
doubted occurrence  are  IHdymograptua,  Tetragraptus,  and  PhyllO' 
grapiua.  Didymograptus  is  represented  by  five  species,  three  of 
which — D.  extenaus,  Hall ;  D.  patulus,  Hall ;  and  D.  pennattdm,  Hall 
— «re  characteristic  of  the  Quebec  group  and  the  Skiddaw  slates,  i>. 
patviuB  also  occurring  in  the  Arenig  rocks  at  Shelve;  the  other 
species  are  new.  Of  Tetragraptus  but  one  species,  T.  aerra,  Brong., 
A  Quebec  and  Skiddaw  form,  has  been  found.  PhyUograptua  also  is 
only  represented  by  a  single  species,  which  is  new.  There  is  also 
another  new  species — a  very  peculiar  brauehiog  form  referred  pro- 
visionally to  Loganograptua.  The  absence  of  any  ^ecimens  un- 
doubtedly referable  to  Dichograptua  is  remarkable,  as  this  is  a 
oommon  Quebec  genus.  Diplograptua  and  Climacograptmj  genera  of 
terj  rare  occurrence  in  the  Quebec  group,  \iavQ  TkQ^  %a  ^^\.\ifc«o^ 
found  here. 
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Of  tiieaDiedfonii8»aU  tliegBDen<lftiieM>-«i]IeddeBdiail 
tolitei»  to  ohancteristio  of  tiie  Quebec  gtoap,  aie  proMBlmflia 
DttTid's  beds.  iVIo^rapfw  is  icprowmted  by  two  neir  ■poMbfli 
IkmirogmfimM  bj  fiTe  spedes,  tbiee  of  wbidft — D,  lifaiayaM,  B4 
D. /erwww,  Hidl,  «nd  D.  ffnolM,  Hall  to  at  pveaent  cn^  kMM 
to  oocnr  elaewbere  in  the  Quebec  gronp^  tiie  ouier  iifo  Iwmaift 
CmliogmiftlMM  it  also  rorapcaepted  by  fi^e  apeciea^  tbwwi  ClilifH 
Hall,  CL  (f)«byara«.  Hall,  and  A  Soiltn,  Hall— bong  Qosbae  Im 
and  two  bong  new;  andlastty^of  2XeiyoMBMlmt<]oe  iipeoia^vtU 
is  new,  bas  been  Ibond.  Mniy  obaoore  impm— iona  vafamdtofti 
genos  BeHaHiUB  alao  occory  one  qieciea  wwming  to  aigna  MMb- 
aa  fiur  aa  ita  state  of  proserration  allows  of  oompariaon  wilfc  Fv 
Hall's  figvnea,  witb  bis  JL  emmfwrmU  of  the  Qaebeognx^  Aaflte 
appeals  to  be  distinct  firom  any  qiedes  yet  figored. 

llie  Gn^iti^itea  and  tkeir  allue  are  now  thus  known  tc  be  »> 
presented  in  ibm  Arenig  rocks  of  St  DaTid'a  by  nino  genon  wk 
about  twenty-two  species.  Of  the  true  Oraptolitea  three  genoiF- 
namely,  Ttiragmj^hu,  Loganograpims^  and  PkgUograjfima — jhs  mr 
dosively  ccmfined  to  Uie  boriaon  cdT  the  Quebec  and  Sklddnw  grant 
Tlie  remaining  genus,  Didgwkograpktt,  is  represented  in  l^^ber  nm 
by  but  two  species,  D.  Murekimm  and  D.  serraiMluB.  l%e  finv 
occurs  in  the  Lower  Llandeilo,  af  Abereiddy  Bay,  near  St.  Dsrif  % 
and  at  Builth ;  and  the  latter  in  the  Hudson  Biver  group  (Gaiadoe) 
of  New  York.  It  has  also  been  recorded  from  the  Skiddaw  shtei. 
With  these  exceptions  Didymograptus  is  exclusively  an  Arenig  genv 
occurring  in  rocks  of  this  age  in  Canada,  Cumberland,  and  Shrop- 
shire. The  four  genera  of  dendroid  Graptolites  have  a  more  extensiTe 
range,  Dictyonema  lasting  from  the  Cambrian  to  the  Devonian  period, 
but  until  now  they  were  only  known  to  occur  together  and  in  any 
abundance  in  the  Quebec  group  of  Canada. 

During,  however,  a  recent  visit  of  the  Geologists'  Associatioii  to 
Ludlow  and  the  Longmynds,  the  author  had  found,  at  Shelve,  in  Ae 
lower  part  of  the  Arenig  rocks,  underlying  the  great  mass  of  dtf 
Llandeilo,  a  Graptolite  zone,  in  which  these  four  genera  are  repre- 
sented by  species,  some  of  which  are  identical  with,  nnd  otfaen 
nearly  allied  to,  those  in  the  St  David^s  beds  and  m  the  Quebec 
group  of  Canada ;  these  beds,  and  also  the  Skiddaw  slates  of  Cim- 
berland,  the  equivalency  of  which  with  the  Quebec  groim  ktt 
already  been  shown  by  Prof.  Nicholson,  being  therefore  of  Lowv 
Arenig  age. 

IV. — Pbocbedings  of  the  Geological  akd  Polttbchkio  Socnn 
OF  THE  West  Biding  of  Yobkshibe.  New  Series.  FM  I 
1871-72. 

MB.  L.  C.  MIALL  read  a  paper  on  the  Contortion  of  Books.* 
He  exhibited  photographs  showing  contorted  LimestODe 
Beds  in  Draughton  Quarry,  where  solid  layers  of  rock,  a  foot  of 
two  in  thickness,  have  been  bent  into  the  figure  of  an  inverted  W. 


^  See  Oeol.  Ma.q.  foi  l^OTemW^  IEG9 ;  alao  Popular  Soeooe  BeTiew.  Jantfft 
1872. 


Heciews — Comet  f  Bnatis  Divmans  of  the  White  Chalk.  469 

The  angles'  are  sharp,  but  unbroken.  There  were  a  few  fossils  in 
the  Draughton  Limestone,  and  these  were  distorted  like  the  rest  of 
the  rock,  which  sufficiently  disproves  the  notion  that  the  rocks  were 
in  a  soft  state  when  the  beds  were  disturbed. 

Mr.  Miall  has  made  a  series  of  experiments  on  Limestone  Eocks, 
which  prove  that  they  are  both  elastic  and  plastic ;  and  that  sharp 
Imbioken  contortions  indicate  a  molecular  re-arrangement  which  has 
been  produced  by  causes  slow  and  long-continued  in  their  action. 

Mr.  W.  H.  r«dton,  of  the  Geological  Survey  of  England,  con- 
iiibntes  an  interesting  paper  on  the  Gkology  of  Craven,  referring 
xnore  particularly  to  the  rocks  occurring  within  the  basin  of  the  Aire. 
He  gives  a  general  account  of  the  SUurian  Slates,  Carboniferous 
limestone,  and  Millstone  Grit,  pointing  out  the  most  instructive 
sections  of  each  rock. 

Mr.  Miall  read  a  short  paper  on  the  Formation  of  Anthracite, 
^vrhich  is  published  in  abstract;  and  another  on  the  Structure  of 
Cbuioid  Fishes,  introductory  to  an  account  of  the  Ganoid  Fishes  of 
the  Yorkshire  Coal-field. 

Li  the  Minutes  of  proceedings  there  is  an  address  by  Mr.  John 
Brigg,  J.P.9  on  the  Gteology  of  tiie  neighbourhood  of  Eeighley. 


KrEVTIE'VSrS 


I» — "Sub  la  division  dk  l'etage  bit  la  Cbaib  blanohb  du 
Haikaxtt  en  quatbb  assises."  Par  MM.  F.  L.  Cobnbt  et  A. 
Bbiabt,  ingenieurs  civils.  Extracted  from  vol.  xxxv.  of  the 
''  Memoires  couronn^s  et  memoires  des  savants  6trangers."  (Pub- 
lished by  the  Boyal  Academy  of  Sciences,  etc.,  of  Belgium,  1870.) 

f,  some  years  ago,  the  authors  of  this  paper  made  the  de- 
scription of  the  Cretaceous  Hocks  of  Hainault  the  subject  of 
a  detailed  memoir,  they  were  unable  to  assign  any  divisions  t&  the 
£fih  and  most  important  formation  of  the  series — the  White  Chalk. 
Since  then,  however,  renewed  investigations  on  their  part,  aided  by 
new  sections  which  had  not  before  been  available,  have  led  Messrs. 
Comet  and  Briart  to  consider  the  White  Chalk  of  Hainault  as  being 
divisible  into  four  distinct  members,  the  local  character  of  which  at 
the  same  time  the  present  paper  seems  to  establish. 

Li  this  part  of  Belgium  the  White  Chalk  rests  upon  the  denuded 
sarfiEM)e  of  what  is  known  there  as  ''gris"  by  the  miners,  the  **  Crate 
glaueonifire "  of  foreign  geologists.  Its  upper  limit  is  marked  by 
the  appearance  of  the  Brownish  Chalk  of  Ciply,  which  is  regarded 
as  the  representative  of  the  lowest  of  the  Maestricht  beds. 

Immediately  below  this  comes  the  uppermost  of  our  authors* 
divisions  of  the  White  Chalk,  to  which  they  have  given  the  name  of 
Craie  de  Spiennes.  It  consists  of  White  Chalk  tinged  with  grey, 
rough  to  l^e  touch,  and  with  an  almost  gritty  fracture.  It  is 
irregularly  stratified  in  thick  and  generally  \]CD\yt^<^XL  "^^^^   ^ 
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abounds  in  laige  greyish-brown  flints,  disseminated  and  in  cod- 
tiimous  bands.  The  average  thickness  of  this  deposit  is  about  500 
feet 

The  Cra'e  de  Bpiennes  rests  on  the  Crate  de  NouveUeSy  die  next 
division,  the  upper  surface  of  which  is  much  eroded,  hardened,  and 
perforated  by  lithophagous  molluscs.  Phosphatio  nodules,  and  fhg- 
ments  of  shells,  echinoderms,  sponges,  etc.,  with  Ohaclk  d6brii, 
together  make  up  a  tdiick  conglomerate,  which  forms  the  base  of  the 
former  stratum. 

The  Crate  de  NouveUes  is  the  purest  White  Chalk  of  the  entiie 
mass,  it  is  soft  to  the  touch,  and  can  be  written  with.  It  is  irregu- 
larly stratified  in  thick  and  much-jointed  beds.  Yerj  black  flints 
are  numerous  throughout    Its  thickness  is  about  66  feet. 

The  third  member  of  the  series,  the  Craie  d^Ohourg,  underlies  the 
last,  but  no  exact  point  of  juncture  between  them  is  apparently  to 
be  discovered.  It  is  a  greyish  white  soft  Chalk,  irregularly  stratified 
in  thin  and  much-fissured  beds.  Black  flints  are  disseminated 
through  it  in  places ;  but  in  some  localities  they  are  entirely  absent 
A  conglomerate  similar  to  that  at  the  bottom  of  the  Craie  de  Spiemtei 
divides  this  mass  into  two  unequal  portions,  each  of  which,  the 
authors  think,  it  may  be  necessary  in  time  to  raise  to  the  rank  of  a 
division,  in  which  case  the  upper  one  would  preserve  the  name  of 
Craie  d'Ohourgy  and  the  lower  would  be  known  as  the  Craie  dr 
iStrepy,  Tlie  thickness  of  the  whole  reaches  in  the  north  of  the 
district  to  500  feet,  in  the  south  it  is  only  100  feet. 

The  fourth  and  last  of  these  White  Chalk  divisions  is  the  Cr€U€  df. 
St.  Vaast,  which  separates  itself,  it  seems  to  us,  more  naturally  than 
the  foregoing  Craie  d'Ohourg  into  two  subdi^isions.  Of  these  the 
upper  consists  of  soft  White  Chalk,  not  marly,  irregularly  bedded  in 
thin  layers,  with  numerous  nodules  of  iron  pyrites,  and  irithotii 
flints.  The  lower  one  is  less  white  than  the  last,  is  somewhat 
marly,  is  irregularly  bedded  in  thick  beds,  and  contains  ven'  nu- 
merous black  and  white  flints.  In  the  west  the  Crate  de  St.  'Vaaii 
is  166  feet  thick,  but  it  thins  considerably  to  the  south  where  it  is 
scarcely  60  feet. 

The  palajontological  evidence  on  which  the  necessity  of  the  new 
divisions  must  naturally  chiefly  depend  will  be  seen  by  glancing 
at  the  accompanying  table,  which  we  have  drawn  up  for  the  purpose, 
from  MM.  Comet  and  Briart's  lists  of  fossils. 

Most  of  the  fossils  which  are  shown  in  the  table  to  belong  to  the 
Craie  de  Spiennes  only,  are  rare,  and  all  of  them,  Iwith  the  ex- 
ception of  Ananchjtea  ovata,  and  possibly  Nodosaria  Zippei  and 
Bulimina  variabilis,  are  to  be  foimd  in  the  Brownish  Chalk  of  Ciply, 
which,  as  we  said  before,  is  the  lowest  member  of  the  Maestricht 
series.  The  stratigraphical  evidence  on  the  other  hand  leaves  no 
doubt  as  to  the  propriety  of  separating  the  deposits  in  question. 

Magas  piimiJay  which  is  absent  in  the  other  members  of  the 
White  Chalk,  occurs  in  great  abundance  in  the  Craie  d^  Nouvelks, 
of  which  it  is  characteiiB^c 
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TM$  showing  the  DUtrihutum  of  Fosailt  in  ike  White  Chalk  of  Hainatdt. 


Baeulitea  Faujatii,  iMnk. 

Belemnitellaguadrataf  d'Orb. .. 

B,  mtteronata,  d'Orb 

Ottrea/aMliformii,  NUb 

0.  larvOf  Lank 

0.  peeieulari*f  Lank.  

0,  sulcata^Blnm 

0.  Uderalia,  Nils <.... 

Jmmra  emUtriaeoetata^  d'Orb. . . . 
Tere^atula  eamea^  Sow.   ... 

T.  HtheHi,  d'Orb 

MhynehoneUa  tuhplieata,  d'Orb. 

JR.  oetoplieata^  d'Orb 

TenbratuUna  etriata,  Walk.... 

Avioula  caruleeeenij  Ilils 

Fieeuriroetra  FaUiei,  Woodw... 

Crania  antiqua,  DefV 

Ffeten  eretonUf  Defr. 

Magae  pumiloj  Sow 

Jfbdosaria  Zippei,  Renas 

Jnoceramue^  large  sp 

BuUmina  variabilis^  d'Orb.    ... 
Critteilaria  rottUala^  d'Orb.  ... 

Ananehytes  ovata^  Lank 

^.  ^t'MoyLank 

A.  eonoidea,  Lank 

Cardiaster  ffranulosuSf  Forbes... 

C.  Seberti,  Oott 

Large  Spongia^  etc 
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It  would  be  interesting  to  find  Messrs.  Comet  and  Briart's  divisions 
corroborated  by  observations  elsewhere  on  the  Continent. 

4th  Skptexbbb,  1872.  G.  A.  L. 


n. — ^The  Geology  of  Illinois. 


JQ.  NOBWOOD  received  the  appointment  of  Geologist  to  the 
•  State  of  Illinois  in  1851,  with  an  annual  appropriation 
of  3000  dollars.  In  1853  this  sum  was  increased  to  5000.  Dr. 
Norwood  published  two  small  peunphlet  reports,  amounting  to  111 
pages.  In  1858  A.  H.  Worthen  succeeded  Dr.  Norwood,  and  has 
worked  continuously  from  that  to  the  present  time.  Four  volumes 
include  the  results  of  his  labours,  amounting  to  1733  pages  of  imperial 
octavo  and  101  lithographic  plates,  executed  by  the  Western  En- 
graving Company  of  Chicago.  When  two  additioncd  volumes  shall  have 
been  issued,  the  Survey,  according  to  the  original  plan  of  the  present 
director,  will  be  completed.  The  date  of  the  first  volume  is  1866 ; 
that  of  the  last,  1870.  The  gentlemen  who  have  contributed  to 
these  volumes  are:  A.  H.  Worthen,  Director;  J.  S.  Newberry, 
L.  Lesquereux,  F.  £.  Meek,  J.  D.  Whitney,  J.  V.  Z.  Blaney,  Henry 
Engelmann,  E.  D.  Cope,  H.  A.  Prout,  H.  M.  Bannister,  EL  C. 
Freeman,  S.  H.  Scudder,  ,F.  H.  Bra^ey,  H.  A.  Green,  J.  G. 
Norwood. 


4T2  Revietvs — The  Geology  of  Illifiois. 

TliOHO  volumes  Hkotch  first  the  physical  geography,  and  then  tiM 
p'luTiil  g(M)logy  of  the  State,  describing  each  formation  in  tam,  ia 
the  di'scoiiding  order.  After  this  are  essays  upon  the  Lead  B^oo, 
Coal  Fiuhls,  and  Plants,  Origin  of  Prairies,  etc.,  and  a  listof  chemial 
nnulysos.  AH  the  fossils  are  fully  described  and  well  figured.  The 
cliirf  bulk  of  tlio  volumes  is  made  up  of  detailed  descripticms  of 
thu  Ni^vial  geology  of  fifty-five  of  the  counties.  In  the  PalxoQto- 
lo^iiMil  portion  the  description  of  the  Coal-Measare  Plants  oocapies 
1 78  i>agi'8  and  -IG  plates — 256  species.  Only  one  Beptile,  a  BatradiiaiL 
has  boon  found.  The  Fishes  are  descril^  upon  loo  pages  and  17 
platos.  The  Invertebrates  of  the  Carboniferous  system  occupy  iOl 
pagi'S  and  2G  ])lates — Mollusks  and  Crinoids  being  tiie  most  abundasL 
The  oUior  cIohsob  are  Insects,  Crustacea,  Myriapods,  Annulate 
Eohinodurmata,  Gasteroi>ods,  Lsmiellibranchiates,  Cephalopods,  Bn- 
chio|H)ds,  Polyzoa,  and  Sponges.  The  fossils  from  the  Trenton  to 
tho  Hamilton  group  are  described  upon  159  pages  and  13  plates. 

The  following  is  the  nomenclature  of  the  formations  given  in  the 
second  volume,  which  is  an  improvement  upon  that  issued  earlier : 

Maximam  ThiekncM  b  tf^ 

DfiMt-Tfrtiary.  Modified  Drift  and  Drift  150 

Trriiarjf.  Eocene? 150 

Vpptr  CarboHiferoMM,  Coal-Measures  and  Millstone  Grit...  1000 


s 

N 

Sr,  ^ 

c 

B 

m 


Loictr  or  Mountain 
Linu^tohf, 


"Chester  Group 800 

St.  Louis  Beds 200 

^  Keokuk  Group    150 

Burliu^ton  Group  200 

^Kindeniook  Group 150 


1r.  I  Oono#oo  Slat< 
5  I  Hamilton  Ho 

1 


Slate 100 

lMs    120 

S  >  Upper  lloMorK'rjr  Limestones  25 


M     rpjkT  and  l/twor  Oriskany  Sandstones    240 

f  Lower  Ilelderberg  Limestone 200 

Nia^rii  Gr\^up 200 

2  J  rineinnati  GnMip 140 

S  «  Galena  and  Ttenton  Limestones 300 

ri  '  St,  ret«T's  Sandstone 150 

L^^*l^iferous  Division    120expoied. 

Illinois  contains  oo,400  sipiare  miles,  extending  over  five  degrees 

fuul  a  lulf  of  laticudo.    Tho  entire  westom  Ix^rder  is  the  Mississippi 

Kivor,  and  htnKv  tho  p>nonil  sloj^  of  the  surface  is  south-westerly. 

T\w  ivuntrv  i*  ossoniiallv  a  plain,  with  a  few  mounds  about  1150 

ftvf  alwo  tho  *M  in  tlio  nonh-west  jxirt,  which  are  elevated  200  to 

Jl%'iO  fot*t  alv^vo  tho  j^Mioral  level  or  prairie.     The  strata  show  five 

Umv  or  a\o#  of  disiurivuKv — usuiilly  faulte^l — sometimes  an  anti- 

oJinal  .^xi*.   Tho  Ur.o  of  disiurlviuco  varies  from  W.  10^  N.  to  X.  20^ 

\Y.     In  ono  oaeo  tho  St,  Potor's  sandsrone  and  Burlington  limestone 

lUK^  ma\lo  to  faoo  o.vh  o:her,  ;he  d^^wn:hrow  l^in*:  nearlv  15 00  feet 

Tl»  0|wh  of  dist;:rlvu;oo  vras  Post-C.irK^niferous. 

^     All  rtio  Staio  i*  vwortsl  by  die  ico-iirift,  unless  a  *- mountain 

BAmuu*'  fn>m   500  to   t^iV  alvve  the   mouih   of  the   Ohio*  Kivor, 

lli  it  upon  iLe  K^'ii'tli.     K  \^9ir..  c^  \3:.^  y.W.  areji  is  included  in 
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Prof.  J.  D.  Whitney's  "  driftless  region ;"  *  but  Mr.  Worthen  thinks 
be  has  found  many  transported  pebbles  within  it,  (Showing  that  the 
ice  must  have  passed  over  it  The  iceberg  theory  is  adopted  to 
explain  the  phenomena.  M.  Lesquereux  presents  in  full  his 
theory  of  the  origin  of  prairies.  He  thinks  they  were  originally 
bays  or  shallow  portions  of  &esh-water  lakes,  which  gradually 
changed  into  swamps  with  an  abundant  aquatic  vegetation,  and 
finally,  by  drainage,  became  considerably  elevated,  and  from  the 
plants,  muUusks,  and  diatoms,  a  rich  soil  developed  itself.  The 
bigh  rolling  prairie  results  from  the  occurrence  of  a  large  number 
of  swamps  partially  separated  by  sandy  banks,  and  often  comes 
firom  simple  denudation.  He  thinks  the  aquatic  origin  is  shown  by 
the  natui^  absence  of  trees. 

The  Carboniferous  system  in  Illinois  attains  a  maximum  thickness 
of  2500  feet,  and  underlies  three-fourths  of  the  area  of  the  State. 
The  statements  in  respect  to  the  number  and  succession  of  the 
Goal-beds  and  contiguous  strata  contained  in  the  first  two  volumes 
are  corrected  in  the  first  chapter  of  the  third  volume.  It  appears 
that  the  generalizations  of  M.  Lesquereux'  and  others  concerning 
the  equivalency  of  Coal-beds  in  Pennsylvania,  Kentucky,  etc.,  are 
based  upon  an  erroneous  stratigraphy.  The  "Mahoning  Sandstone" 
and  ''  ^vil  Hock  "  were  supposed  to  represent  horizons  350  feet 
apart,  including  eight  beds  of  coaL  But  a  careful  examination  by 
Messrs.  Worthen  and^  Lesquereux  along  the  Illinois  Biver  for  one 
bnndred  mUes,  in  1867,  proves  these  two  arenaceous  bands  to  be 
identical  with  each  other;  and  hence  the  beds  of  coal,  at  first 
referred  to  an  age  posterior  to  the  Mahoning  Sandstone,  are  now 
seen  to  be  anterior  to  the  epoch  of  its  deposition.  This  change  in 
the  stratigraphical  column  must  necessitate  some  modifications  in 
the  inferences  formerly  derived  from  it 

As  now  revised,  the  Illinois  section  shows  ten  beds  of  coal  in  a 
vertical  thickness  of  600  feet  in  the  central  and  northern  parts  of 
the  State.  Six  of  these  average  from  two  and  a  half  to  six  feet  in 
thickness,  and  the  others  range  from  a  few  inches  to  two  feet  The 
thickest  beds  are  in  the  lower  division  of  the  measures.  In  addition 
to  the  ten  seams  just  mentioned.  Prof.  Worthen  speaks  of  several 
"  local  beds  "  of  coal  in  the  Millstone  Grit.  Permo-Carboniferous 
fossils  are  found  in  the  upper  part  of  the  Coal-Measures  of  Illinois, 
showing  that  the  whole  of  the  series  is  present. 

M.  Lesquereux's  position  in  respect  to  the  identification  of  Coal- 
Measures  is  this  :  Beds  of  coal  can  be  identified  in  difierent  basins 
by  the  peculiar  assemblages  of  plants  found  in  connexion  with  them. 
For  example.  No.  2  of  Illinois  is  characterized  by  the  presence  of 
leaves  of  Lepidodendron,  and  scarcely  anything  else.  Its  supposed 
equivalent  in  Pennsylvania,  the  "Mammoth  Bed,"  is  largely  the 
same  in  character,  carrying  also  the  class  of  fruits  represented  by 

1  Geology  of  Wisconsin,  by  J.  Hall  and  J.  D.  Whitney,  1862,  p.  114. 
*  Geological  Report  of  Kentacky  (Owen),  vol.  ir.,  p.  331.    Amer.  Joorn.  Sd.,  ii. 
▼oL  XXX.,  p.  367. 
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TrigonacarpuMj  and  species  of  SigiUana.  SeTeral  speoiei  ol 
NeuropierU,  most  of  the  Odontopteris,  and  several  of  AUikopUriif  an 
found  only  in  connexion  with  this  bed.  A.  Umehitiea  is  said  to  be 
an  unfailing  indication  of  this  horizon.  Above  this  bed  the  I^ 
podiaceous  plants  diminish  in  frequency,  and  the  ferns  axe  man 
important  g^des  in  detennining  the  equivalency.  Twelve  or  man 
horizons  are  distinguished  by  M.  Lesquereuz  in  the  different  banni. 
The  theory  is  not  affected  by  the  error  in  stratigraphy  jogt  refSamd 
to ;  but  it  is  not  adopted  by  the  best  American  palseophytologisti. 


m.— The  Geoloqy  of  the  Lokbok  Basin. 

Memoibs  of  the  Geological  Survey  of  England  and  Walo^ 
Vol.  IV. — ^The  Geology  of  the  London  Basin,  Part  I.—Tn 
Chalk  and  Eocene  Beds  op  the  Southsiin  and  Wesrbs 
Tbaots.  By  WiLLiAU  Whitakeb.  B.A.,  London.  (Parts  by 
H.  W.  Bbistow,  F.E.S.,  and  T.  M'K.  Hughes,  M.A.)  8va 
pp.  619.     (London,  1872.) 

THE  geology  of  the  country  around  London  has  not  been  the 
subject  of  many  elaborate  memoirs ;  indeed,  we  may  say  thst 
hitherto  the  only  important  works  written  on  this  subject  were  Mr. 
Prestwich's  ''Water-bearing  Strata/'  his  lectures  delivered  at  Clsp- 
ham  on  the  "  Ground  beneath  us/'  and  a  Memoir  by  Mr.  Whitaker 
on  the  G^eology  of  parts  of  Middlesex,  Hertfordshire,  etc.,  descriptive 
of  the  country  embraced  by  Sheet  7  of  the  Geological  Survey  Map  of 
England.  Wo  do  not  mean  to  hint  that  the  geology  lias  been 
neglected ;  such  an  idea  is  sufficiently  refuted  by  reference  to  the 
volume  before  us :  for  Mr.  Whitaker  lias  collected  and  printed  the 
titles  of  papers  referring  to  the  geology  of  the  country  he  describes, 
numbering  no  less  than  500.  Most  of  these,  however,  refer  only 
to  portions  of  the  country,  and  not  the  least  arduous  task  for 
Mr.  Whitaker  must  have  been  the  preparation  of  this  list,  and  the 
gleaning  from  the  papers  all  facts  relating  to  the  subject  he  had 
in  hand,  for  now-a-days,  in  writing  even  a  short  paper,  the  most 
difficult  part  is  often  to  ascertain  what  ob8er\'er8  have  previously 
written  upon  the  subject,  so  as  to  give  due  credit  to  them. 

Mr.  Whitaker,  who  is  now,  wo  understand,  the  senior  field  geologist 
on  the  Geological  Sui*voy  of  England,  has  personally  siurveycd  a  very 
large  portion  of  the  country  described.  It  includes  the  whole  of  the 
counties  of  Hertford  and  Middlesex,  and  parts  of  Bedfordshire, 
Buckinghamshire,  Essex,  Hampshire,  Kent,  Oxfordshire,  Surrey  and 
Watshire. 

The  formations  exposed  in  this  area  are  the  Bagshot  Beds,  London 
Clay,  Lower  London  Tertiaries  and  Chalk.  Their  general  nature  is 
first  noticed,  and  then  their  range,  lithological  character,  and  sections 
are  described  in  detail.  One  chapter  is  devoted  to  the  sands  of 
doubtful  age  on  the  Chalk,  originally  classed  with  the  Crag  by  Mr. 
Prestwich,  and  subsequently  referred  to  the  Eocene  period  by  "Mr. 
itaker  and  others.  The  concluding  chapters  are  devoted  to  Dis- 
ces,  with  a  notice  of  the  likelihood  of  there  being  an  under- 
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gronnd  ridge  of  older  rocks  along  the  valley  of  the  Thames;  to  Denu- 
dations, and  to  Economics  and  Springs. 

In  the  Appendix  there  are  aoooants  of  488  Well-borii^B,  aznoiged 
aooording  to  comities.  To  these  Mr.  Whitaker  has  added  many 
remarks  of  his  own  in  regard  to  the  classification  of  the  beds  passed 
through;  and,  together  with  aocomits  of  S6  borings,  they  form  a 
most  valuable  record  of  facts. 

Other  Appendices  contain  copious  lists  of  fossils,  minerals,  eta 

The  whole  work— embracing  as  it  does  a  minute  adbount  of  the 
Chalk  and  Eocene  Tertiaries  of  the  London  Basin — reflects  great 
credit  on  the  author  for  the  amount  of  valuable  matter  contained  in 
It,  its  admirable  arrangement,  and  the  facility  of  reference  given  by 
Hie  indexes  to  authors  and  localities.  There  are  numerous  woodcuts 
Illustrating  the  geological  structure  and  features  of  the  country, 
rhe  page  illustrations  would  have  looked  much  better  had  they  been 
printed  on  blank  leaves ;  and  both  type  and  paper  might  well  be 
of  better  quality. 

We  may  mention  that  the  parts  contributed  by  Mr.  Bristow  are 
chiefly  notes  on  the  geology  of  Berks,  Hants,  and  Essex,  etc.;  those 
by  Mx.  Hughes  are  on  the  geology  of  portions  of  Kent. 

The  various  superficial  deposits  have  been  left  for  a  second  me- 
moir, as  they  are  as  yet  mapped  in  part  only.  This  will  complete 
the  geology  of  the  important  area  called  the  London  Basin. 


[Y. — Bboords  of  thb  Geological  Subvet  of  Ln>iA.     Part   IL 

May  1872. 

MB.  W.  T.  BLANFOBD  contributes  some  notes  on  the  geological 
formations  seen  along  the  coasts  of  Biluchistan  (commonly 
called  Makran),  and  those  of  Fersia  from  Eajachi  to  the  head  of  the 
Persian  Qulf,  with  observations  on  some  of  the  Gulf  Islands.  Three 
distinct  systems  of  rocks  are  exposed,  in  these  localities,  in  descending 
order: — 1.  Littoral  concrete  (sub-recent);  2.  Makran  group  (post- 
Kummulitic ;  3.  Hormuz  salt  formation  (of  unknown  age). 

The  island  of  Hormuz  is  a  most  singular  place.  It  is  almost  des- 
titute of  vegetation,  and  consists  of  a  mass  of  low  craggy  hUls, 
brilliantly  coloured.  Beds  of  volcanic  origin,  dolerites  and  trachytes, 
rock-salt,  shales  and  sandy-beds,  are  found  interstratified,  all  belong- 
ing apparently  to  the  same  series.  The  rocks  are  much  disturbed ; 
beds  of  salt  and  volcanic  bands  alike  dip  at  high  angles.  There  is 
no  evidence  to  determine  the  age  of  these  salt  beds ;  but  they  are 
olearly  older  than  the  Makran  group,  £or  in  the  Island  of  Hanjam 
they  crop  out  here  and  there  beneath  this  group,  which  rests  tm- 
oonformably  upon  them. 

The  prevaihng  rock  along  the  Makran  coast  is  a  pale  grey  clay, 
with  bands  of  shelly  limestone,  calcareous  grit  and  sandstone.  It  is 
occasionally  intersected  by  veins  of  gypsum,  and  contains  numerous 
oiarine  fossils,  many  of  which  seem  identical  with  species  now 
Bxisting  along  the  coasts. 

The  mud  volcanos  of  the  Makran  ooa&t  a'^i^o^  \ic>  cnv^v^^  q\  *^^c^ 
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clay  formation,  which,  being  mixed  up  with  salt  water,  iB  ejected  bj 
means  of  gas,  and  dries  into  cones. 

The  Littoral  concrete  is  an  impure  loose-textured  limesione,  abound- 
ing in  shells,  the  majority,  if  not  all,  of  which  are  identical  witli 
those  now  common  on  the  coast.  At  Jashk,  on  the  Persian  ootst  of 
the  Gulf  of  Oman,  it  is  well  developed,  and  forms  a  low  cliff  about 
20  feet  high.  The  chief  geologic^  interest  attaching  to  this  for- 
mation is  derived  from  the  evidence  it  affords  of  recent  elevatioii  of 
t&e  land. 

Mr.  W.  King  gives  an  interesting  narrative  of  a  traverse  of  paiti 
of  the  Eummummet  and  Hanamconda  districts  in  the  Nizam*i 
dominions;  a  moderately  elevated  tract  to  the  westward  of  the 
Godavery  river.  It  is  traversed  by  a  path  between  Paluncha  and 
Narsimpet,  along  which  route  Mr.  King  made  his  observations,  for 
except  around  the  few  villages,  up  some  side  paths,  or  in  dry  water- 
courses, it  is  at  present  almost  impossible  to  see  anything  of  the 
country,  owing  to  the  prevalence  of  thin  tree  jungle  and  mider- 
growth.  The  formations  met  with  included^  in  descending  order, 
the  Kamthi  sandstones,  the  Barakar  sandstones,  with  Coal-seams 
six  and  nine  feet  in  thickness,  and  the  Talchirs.  The  Coal-fields  of 
Pakhal  talook  and  Pangadi  Yagu  are  briefly  described. 

Mr.  W.  T.  Blanford  furnishes  a  sketch  of  the  geology  of  Orissa,  a 
province  which  borders  the  coast  between  Calcutta  and  Masolipatam. 
He  briefly  describes  the  character  of  the  formations  met  with,  which 
include  Blown  Sand,  Alluvium,  Laterite,  Katak  or  Atgarh  sand- 
stones, Llahadeva  ?  or  Panchet  sandstones  and  grits,  Damuda  sand- 
stones, sliales,  and  coal,  Talchir  sandstones,  shales,  silt,  and  boulder 
bed,  and  Metamorphic  or  crystalline  rocks. 

Mr.  King  describes  a  new  Coal-field  in  the  south-eastern  jjart  of 
the  Hydrabad  (Deccan)  territory.  A  small  map  is  appended,  showing 
the  general  outline  of  the  field  and  the  rocks  surrounding  it  The 
Coal-measures  occupy  about  eight  square  miles  in  extent,  but  the 
field  requires  further  examination  by  borings  before  much  can  be 
said  about  its  richness.  H.  B.  W. 


V. — Repobt   or   THE   Geological   Survey   op  New   Hahpshibe. 
By  C.  H.  Hitchcock,  Ph.D.     8vo.     (Nashua,  1871.) 

PROFESSOR  HITCHCOCK,  the  State  Geologist,  here  presents 
his  report  on  the  operations  of  the  Geological  Survey  in  New 
Hampshire,  during  the  year  ending  June  1st,  1871. 

The  most  laborious  field  of  research  has  been  the  White  Moimtains, 
comprising  an  almost  unbroken  forest,  traversed  only  by  the  bridle 
paths  and  roads  required  for  the  ascent  of  Mount  Washington  by 
summer  visitors.  However,  the  Professor  and  his  assistants,  Mr. 
J.  H.  Huntington  and  others,  lived  up  in  the  mountains  in  extempore 
camps,  and  visited  the  most  inaccessible  peaks  and  ravines,  until  all 
had  been  explored. 

Very  many  speculations   have  been   entertained  respecting  the 
*^8,  elevation  and  age  of  Mount  Washington,  and  the  associated 
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oantains,  a  brief  account  of  which  is  given  in  the  report.  The 
ructure  of  Mount  Washington  seems  to  be  that  of  an  inverted 
Lticlinal.  The  rocks  composing  the  area  are  believed  to  belong  to 
^o  great  systems,  the  Gneissic  or  White  Mountain  series,  and  the 
ndalusite  Bocks  or  Coos  group,  which  overlies  the  other.  Both 
B  presumably  Eozoic. 

"With  the  approval  of  the  State  authorities,  the  Survey  undertook 
investigate  the  meteorology  of  Mount  Washington,  the  highest 
)int  of  land  within  the  State,  and  about  5000  feet  in  elevation, 
eibles  of  observations  are  given,  and  a  short  report  is  furnished 
J  Mr.  S.  A.  Nelson. 

A  more  detailed  account  of  the  work  of  the  Survey  will  be 
)reafter  published. 

L — ^Leotuss  on  Water,  delivered  before  the  American  Institute  of 
the  City  of  New  York,  in  the  Academy  of  Music.  By  Chablss 
F.  Chandler,  Ph.D.,  Professor  of  Analytical  and  Applied 
Chemistry,  School  of  Mines,  Colombia  College.  (Albany :  The 
Argus  Company.) 

)B.  CHANDLEB'S  discourse,  while  aiming  at  providing  popular 
instruction,  contains  much  that  will  interest  the  scientific  reader. 
L  the  first  portion  of  his  lecture  he  treats  of  the  constituents  of  pure 
ater,  and  the  history  of  their  discovery;  then  a  description  of 
»ring  water  and  its  impurities  leads  him  to  speak  of  artesian  wells, 
t  Louisville,  Ky.,  there  is  one  2,086  feet  in  depth,  yielding  water 
ith  a  temperature  of  82^  F.,  and  so  highly  charged  with  chemical 
impounds  that  it  is  prized  for  its  medicinal  properties.  At  Charles- 
n,  S.C.,  there  is  a  well  1,250  feet  deep  of  similar  mineral  water, 
n  page  14  there  is  a  statement  which  requires  correction.  The  author, 
hen  speaking  of  the  precious  metals  dissolved  by  sea- water,  states 
lat  their  presence  was  detected  by  their  being  taken  up  by  some 
iron  nails  in  the  keel  of  the  vessel,"  and  their  per^-centage  was  ex- 
iodingly  small.  The  Doctor  possibly  had  in  his  mind  the  analyses 
lat  were  made  of  the  copper  and  Muntz  metal  from  the  hulls  of 
38sels  plying  between  ports  along  the  west  coast  of  South  America 
ade  by  Field,  who  found  that  an  appreciable  amount  of  silver  was 
ctracted  from  the  sea-water  of  that  region  during  a  few  years'  ex- 
)8ure.  In  describing  the  brine-wells  of  the  United  States,  he 
lables  us  to  realize  their  importance,  by  telling  us  that  the  brine 
imped  from  the  cutesian  wells  at  Syracuse,  State  of  New  York, 
om  a  depth  of  from  four  to  five  hundred  feet,  has  produced  nine 
iUions  of  bushels  of  salt  in  a  single  season.  Tlie  celebrated  springs 
Saratoga  and  Ballston  rise  along  the  line  of  a  fault  in  the  rock 
Saratoga  county.  They  consist,  to  begin  with  the  uppermost,  of 
le  Hudson  river  and  Utica  shales  and  slates,  the  Trenton  limestone, 
siliceous  limestone,  the  Potsdam  sandstone,  and  the  Laurentian 
K)k8  of  unknown  thickness.  The  Laurentian  hills  being  impervious 
invey  their  surface  waters  to  the  exposed  edges  of  the  Potsdam 
)ds,  whence  the  soluble  matter  is  derived.  One  spring,  on  tk<^ 
argin  of  Kajaderosseras  Creek,  contains  \,^W  ^gnl\&&  ^1  is&qkw^ 
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matter  per  gallon ;  others  a  notable  amonnt  of  lithia,  for  example: 
the  Pavilion  spring  at  Saratoga  9*48  grains  of  bicarbonate,  the 
Hathom  spring  11*44  grains,  and  the  Conde  Dentonian  artesian  well 
at  Ballston  10*51  grains.  A  very  remarkable  acid  water  comes  to  tlie 
surface  at  Oak  Orchard,  State  of  New  York;  of  the  211  grains  of 
mineral  matter  found  in  it,  no  less  than  133-3  are  sulphuric  scid, 
32*2  sulphate  of  iron,  and  13*7  sulphate  of  lime.  Hardly  less  conoos 
is  the  water  of  the  borax  lakes  of  California,  containii^  535  gnms 
of  borate  per  gallon.  Several  pages  on  the  characteristics  of  a  good 
drinking  water  contain  much  that  is  very  entertaining  and  of  pn^ 
tical  value,  and  though  we  should  like  to  quote  some  portion  of  it 
on  the  connexion  apparently  traced  between  the  spr^^  of  goitro 
and  cretinism  and  the  impregnation  of  the  waters  of  the  districts 
where  these  maladies  prevail,  with  lime  and  magnesian  salts,  we 
must  content  ourselves  by  concluding  this  brief  notice  of  a  useful 
pamphlet  with  a  fact  or  two  regarding  the  water  supply  of  New 
York.  The  Croton  water  is  brought  to  the  city  by  an  aqueduct 
forty-five  miles  in  length, — the  average  quantity  supplied  daily 
being  65,000,000  gallons.  The  three  reservoirs  at  present  in  use 
having  proved  insufficient  during  long  continued  diy  weather,*  an 
additional  one  of  colossed  magnitude,  covering  an  area  of  303  acreSt 
is  now  in  process  of  completion  ;  this  will  hold  a  quantity  sufficieat 
to  supply  the  city  with  its  present  population  for  fifty- five  days. 
The  Croton  water  is  of  remarkable  purity,  containing  only  6-87  grains 
of  solid  constituents  to  the  gallon,  of  which  but  0*67  of  a  grain  is 
organic  matter.     'When  will  London  be  su2)plied  with  such  water? 


VII. — Town  Geology.  By  the  Rev.  Chajrles  Kingsley,  F.L.S., 
F.G.S.,  Canon  of  Chester.  8vo.  pp.  239.  (London  :  Strahan  and 
Co.,  1872.) 

THIS  little  work  consists  of  six  chapters  which  were  originally 
given  in  the  form  of  lectures  to  the  members  of  the  Cheshire 
Natural  History  Society.  Written  in  a  simple  homely  style,  they 
are  intelligible  to  the  most  unscientific  reader,  and  indeed  they  are 
intended  rather  to  excite  an  interest  in  geology  in  the  unlearned,  to 
give  them  some  idea  of  scientific  reasoning,  than  to  furnish  any 
new  facts  to  the  student.  Chapter  1,  entitled  "  The  soil  of  the 
Field,"  deals  with  modem  denudation.  Chapter  2,  on  "  The  Pebbles 
of  the  Street,"  treats  of  glaciers  and  glacial  deposits,  and  changes  of 
climate.  Chapter  3,  on  "  The  Stones  in  the  Wall,"  contains  an  ac- 
count of  the  Triassic  rocks,  and  also,  by  means  of  an  imaginary  rail- 

1  "We  may  direct  attention,  as  bearing  somewhat  on  this  question,  to  the  protest 
entered  by  Mr.  Verplank  Golvin  in  the  twenty-fourth  annual  report  of  the  New  York 
State  Museum  of  Natural  Histor)-,  against  any  further  destruction  of  the  forests  of 
the  Adirondack  wilderness.  lie  calls  to  mind  the  fact  that  year  by  year  the  water 
supply  of  the  princip:il  rivers  of  New  York  and  her  canals  experiences  notable  dimi- 
nution, and  sees  in  this  the  result  of  the  clearing  of  the  slopes  of  the  high  mountains 
of  Central  New  York,  and  looks  forward  to  the  time  when,  if  these  operations  are  not 
checked,  the  Hudson  will  cease  to  be  navigable  more  than  half-way  to  Albany,  and 
^ther  streams  will  suJOTer  in  proportion.  Aprtcis  of  his  arguments  is  given  in  Harper's 
^-'kiy  for  August  10th,  1^72,  i^ag^i  01^. 
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way  jonmey  to  London,  Canon  Kingsley  gives  a  brief  notioe  of  the 
Buooeeding  rocks  n^  to  the  Bagshot  Sand.  Chapter  4  is  on  <'  The 
CfOal  in  the  Fire,"  and  explains  the  origin  of  coal.  Chapter  5,  on 
**  The  Lime  in  the  Mortar,"  treats  of  Limestones  and  Coral-reefs. 
And  Chapter  6,  on  "The  Slates  on  the  Roof,"  d^s  with  the  older 
xocks  and  volcanoes;  and  here  we  may  state  that  the  notion  of 
mountain  chains  being  due  mainly  to  contraction,  needs  correction 
on  the  part  of  the  author,  who  remarks  that  "  the  loftiest  mountain 
obains  are  nothing  but  tiny  wrinkles."  The  new  edjition  of  Jukes's 
Manual  will  give  the  latest  information  on  this  subject  Otherwise 
^pre  may  congratulate  the  author  on  the  easy  and  interesting,  and  yet 
aooarate  manner  in  which  he  has  illustrated  "  Town  Geology." 


"A  CRY  FROM  THE  LAND  OP  EGn>T." 
Snt,— While  the  Source  of  the  Nile  has  been  honoured  by  the 
ooncentrated  attention  of  Geographers,  it  has  been  my  own  fate  to 
suffer  the  cruellest  mortifications — it  pains  me  to  have  to  add — **  in 
the  house  of  my  friend,"  the  Geologists. 

The  controversy  on  the  origin  of  the  Wealden,  between  the 
advocates  of  the  Lake-  and  Delta-theory  respectively,  has  been 
prolonged  in  its  duration,  and  often  doubtful  in  its  results;  but 
some  have  supposed  this  may  be  only  a  necessary  consequence  of 
the  slowness  of  the  methods  of  inductive  research.  Fortunately, 
however,  the  author  of  a  paper  in  the  last  number  of  the  Quarterly 
Journal  of  the  Geological  Society  has  discovered  a  summary  way  of 
settling  this  long- vexed  question;  discarding  the  old  and  tedious 
methods  of  inquiry,  he  has  succeeded,  by  the  application  of  a  few 
Tory  simple  crucial  tests,  in  so  triumphantly  establishing  the  Lake- 
theory,  as  actually  to  reduce  it  to  an  axtom,  and  to  employ  it  as  the 
basis  of  a  number  of  highly  curious  speculations. 

It  is  impossible  to  exaggerate  the  striking  novelty  of  the  views  of 
Mr.  Meyer  on  the  subject  of  estuarine  deposits.  I  quote  the  para- 
graph in  which  he  enumerates  the  crucial  characters  which,  found 
in  the  Wealden,  demonstrate  the  impossibility  of  that  formation 
having  originated  in  a  delta. 

**  The  exceedingly  quiet  deposition  of  much  of  the  sedimentary 
strata,  the  almost  total  absence  of  shingle,  the  prevalence,  both 
numerically  and  specifically,  of  such  species  of  moUusca  as  abound 
in  quiet  waters,  the  comparative  absence  throughout  the  greater 
portion  of  the  series  of  broken  shells  such  as  always  abound  in 
tidal  rivers,  and,  I  believe  I  may  say  also,  the  total  absence  of  drift 
wood  perforated  by  mollusca  in  either  the  Purbeck  or  Wealden 
strata,  all  seem  to  me  to  point  to  the  same  conclusion — namely,  to 
the  accumulation  of  such  strata  beneath  the  waters  of  a  wide  but 
shallow  lake,  etc." — Quart.  Joum.  GeoL  Soc,  vol.  xxviii.,  p.  243. 

In  order  to  appreciate  the  high  originality  of  these  ideas,  it  is 
only  necessary  to  reflect  on  the  opinions  which  have  hitherti^  y^^- 
vailed  on  the  subject.    Earlier  writers,  w\i^lYi^t  tt^-^^^ew^^  ^'^^^R^ 
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^:-rnpl:ers  or  g^>l?gi«:s.  &:>  far  from  anticipatiiig  the  inteietting 
di«o:  Trri-rs  of  llr.  3[ey-rr.  would  almost  appear  to  have  oonspized  to 
perY-^tnire  the  Tnlgar  errrrs  corr^nt  upon  the  subject.  Thus,  in 
treat:!. g  cf  exisrinz  deltas,  they  hare  actuaUy  Tepiesented  their 
water*  ^ks  runifying  in  innimieTable  sluggish  Btreams,  or  oollecting 
into  T*-tst  swamps,  stagnant  lagcons,  and  shallo^w  lakes,  often  A 
gKac  size :  with  remarkable  mianimity  they  have  dwelt  on  the 
extreme  t:nenes£  of  the  se^iiments  in  these  waters,  and  the  slownen 
with  which  they  were  dep>sited ;  bat.  strange  to  say,  the  existence 
of  the  characteristic  '*  $Kifk>jlt "  they  appear  to  have  altc^ether  orer- 
locked.  Further,  they  have  desoribeil  some  of  the  grandest  deUtf 
in  the  world  as  formed  in  I4  Jc7ei«  seas.  Unfortunately,  too,  the 
disseminators  of  these  erroneous  views  have  been  aided  by  the 
natnralists.  who  have  declared  that  the  existing  boring-moUosos  m 
all  marine :  and  they  have  been  abetted  by  the  palaeontologists,  iHm 
have  descril-e-i  the  ancient  allies  of  these  boring-mollascs  as  occur- 
ring in  such  strata  as  the  London  Clay  and  the  "  Lower  Gieomnd'* 
and  never  in  an^  freshieaier  beds  at  all,  whether  of  estnarine  or 
lacustrine  origin. 

Where  the  error  has  been  so  universaL  it  may  seem  invidions  to 
particularize  individual  authors ;  but  I  cannot  refrain  from  pointing 
out  what  appears  to  have  been  almost  infatuation,  with  respect  to 
this  subject,  on  the  part  of  the  author  of  "The  Greological  Obseirer.** 
Not  content  with  describing  in  great  detail  the  muddy  character  and 
quiet  m'>ie  of  deposition  of  the  delta  sediments,  Sir  Henry  De  la  Beche 
has  actually  stated  that  -iOO  miles  from  its  mouth  the  waters  of  the 
Gauge?  can  no  longer  move  coarse  gravel  I — and  so  far  is  he  from 
perceiving  the  necessary  connexion  between  tides  and  deltas,  that 
he  even  represents  the  action  of  the  former  as  altogether  inimical  to 
the  formation  of  the  latter.  So  great,  indeed,  was  his  misapprehen- 
sion on  the  subject,  that  he  has  actually  founded  the  division  into 
chapters  of  part  of  his  great  work  on  the  (of  course,  erroneous)  sup- 
position that  deltas  are  only  formed  in  "  tideless  seas,"  or  in  those 
where,  owing  to  the  action  of  local  causes,  the  tide  is  neutralized 
I  need  not  point  out  how  uniformly  these  errors  have  been  adopted 
by  writers  of  less  authority  on  physical  geography  and  geology. 

Of  course,  by  the  interesting  discoveries  to  which  I  have  alluded 
large  portions  of  our  existing  geological  treatises  are  rendered  obso- 
lete, and  will  require  to  be  re- writ  ten  ;  but  great  revolutions  (even 
of  opinion )  are  seldom  effected  without  causing  some  inconvenience 
to  individuals.  Perhaps,  therefore.  I  have  little  right  to  complain 
of  my  own  case,  which  is,  nevertheless,  one  of  some  hardship. 

Formed  of  deposits  wliich  all  observers,  from  Herodotus  to  Homer, 
have  agreed  to  call  "mud"  and  not  "shingle," — by  streams  whidi. 
meandering  over  the  level  plains  of  Lower  Egypt,  and  forming  sudi 
lakes  as  Bourlos,  Menzaleh,  and  Mareotis.  finally  empty  themselves 
into  the  tideless  Mediterranean, — streams  in  whose  waters,  moreover, 
no  naturalist  has  ever  yet  succeeded  in  detecting  a  single  boring- 
mollusc, — I  stand  convicted  by  Mr.  Meyer  as  a  gmss  impostor,  in 
bearing  the  title  by  Yr\i\c\il"Wj^  «>o\wi^>a^'Q.TQOQgnized,  that  of 
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L — On  ths  Forms  of  Valleys  and  Lake-basins  in  Norway. 

By  J.  M.  W1L8OK,  M.A.,  F.G.S., 
Mathematical  Master  of  Rugby  School. 

TIHE  general  object  of  this  paper  is  to  draw  attention  to  the 
I  apparently  close  connexion  between  the  configuration  of  the 
mrfaoe  in  a  glaciated  country  like  Norway,  and  the  disposition  of  the 
mncipal  planes  of  division  of  the  rocks,  whether  these  planes  be 
Muued  by  stratification,  cleavage  or  joints. 

I  do  not  know  how  far  this  connexion  has  been  already  noticed  by 
lihers,  or  if  it  has  been  noticed  at  alL  My  attention  was  first  called 
o  it  in  a  visit  to  Glencoe  some  years  ago,  where,  however,  the  con- 
lexion  is  not  always  to  be  traced,  in  consequence  partly  of  changes 
tabflequent  to  glaciation.  And  in  a  short  visit  to  Norway,  during  this 
mmmer,  in  which  I  visited  the  Hardanger  and  Sogne  Fiords  and 
heir  neighbourhood,  the  same  connexion  was  again  forced  on  my 
ittention.  I  therefore  offer  these  remarks  to  the  attention  of 
^logists,  that  they  may  verify  how  far  the  connexion  that  I  speak 
»f  is  general  and  important  as  throwing  light  on  the  origin  of  the 
letailB  of  the  configuration  of  the  surface  of  the  earth. 

Norway  presents  many  advantages  to  a  student  of  this  branch  of 
l^logy.  Its  physical  features  are  striking;  and  they  are  continually 
repeated  till  they  become  almost  monotonous,  and  so  whatever 
leaaon  they  have  to  teach  is  driven  home  by  sheer  iteration.  The 
gleciation  of  the  country  down  to  the  sea-level  has  been  very  recent, 
and  ice  marks  and  striations  are  so  common  as  after  a  time  scarcely 
to  attract  attention ;  subsequent  weathering  has  only  here  and  there, 
when  the  rocks  are  soft,  begun  to  obliterate  the  effects  of  the  ice- 
•heet  and  glaciers ;  there  is  often  no  accumulation  of  soil  and  turf  on 
the  rocks  to  hide  their  stnicture;  in  the  summer  at  any  rate  there  is 
DO  mow ;  and  the  torrents  and  waterfalls  have  been  acting  for  so 
diort  a  time,  geologically  speaking,  that  their  effect  on  the  landscape 
QUI  be  discerned  at  a  glance,  and  is  generally  quite  insignificant  We 
heve  therefore  in  Norway  a  country  in  which  the  effect  of  ice  may 
be  studied  with  pre-eminent  advantages. 

Moreover,  the  nature  of  the  rocks  in  the  neighbourhood  of  Bergen 
and  the  Hardanger  and  Sogne  Fiords  is  well  adapted  for  observations 
of  this  kind ;  the  rocks  are  principally  of  mica  slate,  clay  slate,  and 
gneiss,  with  divisional  planes  very  strongly  marked,  and  in  blocks 
often  of  very  large  size.  The  rocks  are  in  general  very  hard,  an^ 
oompact ;  the  slaty  structure  not  being  predominant 

The  valleys  in  this  part  of  Norway  are  merely  the  coYitix^sAXkrcL  q\ 
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the  fiords,  and  have  a  very  uniform  character.     Their  direction  is 
generally  nearly  straight  on  the  whole ;  they  are  narrow,  however, 
and  the  minor  ciurves  are  sufficient  to  prevent  a  view  from  one  end  of 
the  valley  to  the  other ;  their  sides  are  steep,  often  precipitous,  md 
terminate  at  a  level,  singularly  uniform  in  each  district,  of  aboot 
2o00  to  3000  feet.     At  this  level  the  slope  changes  and  hecomes 
much  more  gradual,  forming  the  soiter  (or  chalet)  level,  on  wbidi 
cows  and  goats  pasture  in  the  summer,  inhabited  by  lemming  and 
rjper,  and  covered  by  heath  and  bilberry,  birch  and  willow.   Pren 
this  soeter  level  rise  the  gently  sloping  snow-fields,  as  of  the  Folge- 
fond,  or  the  peaks  and  mountain  chains,  as  of  the  Horungeme,  wh^ 
are  tlius  totally  invisible  fn^m  the  valleys.     Even  the  Homngene 
mountains,  whose  outline  is  comparable  to  that  of  the  Bernese  Alps 
for  variety  and  grandeur,  and  several  of  whose  summits  are  orer 
8000  feet  in  height,  are  completely  hidden  by  the  edge  of  the  soeler 
level  from  all  the  valleys  and  fiords  that  surround  them.     Over  tbe 
edge  of  this  soeter- plain  the  water  falls  into  the  deep  valleys  aome- 
times  in  groat  cascades  like  the  Voring  Fos  or  Miirke  Fos,  sometimes 
in  Stnubbachs  too  numerous  to  have  received  names. 

At  the  end  of  each  fiord  the  levels  of  old  sea-beaches  are  ahxuMit 
always  to  be  seen  ;  when  these  are  passed  tliere  is  generally  a  lake, 
moraine-dammed,  and  at  its  head  other  terraces.  Then  the  valley 
narrows,  and  winds  on,  slowly  rising,  sometimes  opening  out  into  a 
few  acres  which  form  a  small  fann,  and  sometimes  flanked  by  pre- 
cipices and  steep  sloi»cs  of  lingo  blocks  of  stone  terminating  in  the 
river  at  the  lx)ttom.  Sometimes  masses  of  rochea  moufonnces  form 
a  buttress  projtKJtiug  from  one  side,  or  a  central  mound,  or  a  l>arrier 
extending  coini)letely  across  the  valley.  At  the  curves  of  the  valleys 
the  «rlaeiation  is  very  evident. 

Now  the  fact  that  struck  mo  again  and  again  in  walking  up  these 
valleys  wms  this :  that  the  disposition  of  the  principal  di-vHisional 
pianos  of  the  rocks  altered  with  tho  windings  of  the  valleys ;  so  that 
in  geneml  tho  surface  of  these  planes  determined  the  slope  of  the 
hills,  antl  tho  direction  of  tho  valley  at  tho  spot.  Wherever  you 
look  across  a  valioy.  you  have  a  plane  facing  you,  or  making  a  small 
angle  with  the  surface,  dipping  inward  vp  the  valley.  These 
divisional  pianos  are  not  in  general,  certainly  not  always,  planes  of 
stratitication  ;  they  might  bo  called  pianos  of  cleavage,  if  it  is  re- 
membered that  tho  rock  is  often  in  vast  blocks,  and  not  in  the  least 
slaty  ;  and  are  intersected  by  minor  divisional  jdanes  or  joints.  In 
ignorance  what  tho  best  name  for  them  is,  I  have  called  them  the 
principal  divisional  planes.  It  was  therefore  forced  uix)n  me  that 
the  forms  of  these  valleys  wore  determined  by  the  disposition  anJ 
flexures  of  the  principal  divisional  planes  of  the  rocks.  Moreover 
the  forms  and  position  of  tho  masses  of  rorhes  monUymu'es  are 
similarly  dependent  on  the  disposition  of  these  planes.  AVliere 
there  is  a  ridfjo  of  rorhcs  montonnces  across  a  vallev,  I  almost 
always  f»)und  that  the  joints  wore  wide  apart,  and  the  dip  of  the 
pianos  was  up  the  valley.  In  other  words,  the  blocks  of  rock  wew 
so  i^laccd  that  the  moving  ice  had  no  advantageous  hold  on  them, 
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and  so  scraped  over  tbem  instead  of  tearing  them  gnt  from  tbeir 
bed.  It  became  perfectly  plain  that  ice  acts  in  tbis  way,  detacbing 
a  block  and  pusbing  it  down  tbe  valley,  and  tbus  can  break  up  and 
zemove  large  masses  of  rooks,  wlule  tbe  direct  effect  of  attrition  is 
Teiy  small. 

Hence  tbe  forms  of  tbe  sides  and  bed  of  tbe  valleys  seem  to  depend 
om  tbese  divisional  planes ;  tbey  bave  been  worked  down  until  tbey 
offer  a  minimum  resistance  to  tbe  passage  of  tbe  ice,  wbicb  will  slide 
bj  a  smootb  divisional  plane,  or  gradually  wear  away  tbe  edges  of 
JDoasses  tbat  dip  backward  towards  tbe  direction  from  wbidli  tbe  ice 
is  moving,  but  will  wrencb  oat  a  block  wbicb  presents  a  faoe  in  tbe 
dft;ectioii  of  tbe  ioe  stream. 

It  may  be  illustrated,  as  my  friend  Mr.  Sidgwick  suggested  to  me 
m  one  of  tbese  valleys,  by  sbeets  <^  cork,  a  material  sinularly  jointed. 
In  certain  positions  your  band  will  slide  over  tbem  and  produce  no 
effect ;  but  in  otbers,  tbat  is  wben  tbe  faces  of  tbe  blocks  meet  tbe 
liand,  tbe  blocks  are  torn  up  from  tbe  surface,  and  leave  tbe  blocks 
below  in  precisely  tbe  same  disadvantageous  position,  so  tbat  tbe 
process  wUl  be  continued.  Or  it  may  be  illustrated  by  a  pack  of 
oarda.  If  tbey  are  tbrown  down  so  as  to  form  a  long  stream — 
pzeparatory  to  cutting  for  partners — ^your  band  will  glide  over  tbem 
in  one  direction  witbout  displacing  tbem ;  in  tbe  otber  direction  it 
oatcbes  tbem  and  pulls  tbem  out  of  place. 

In  one  or  two  cases  I  found  tbe  dip  of  tbe  planes  down  tbe  valley ; 
bat  these  were  at  points  wbere  tbe  slope  was  so  steep  tbat  tbe  dip 
was  up  tbe  ice  stream  tbougb  down  tbe  valley. 

It  is  impossible  not  to  form  tbe  bypotbesis  tbat  bere  may  be  found 
the  origin  of  lake-basins.  For  if  we  admit  tbat  ice  in  tbe  form  of  a 
glacier  bas  vast  pusbing  power,  even  tbougb  it  bas  very  sligbt 
eroding  power,  it  seems  plain  tbat  -forever  tbe  divisional  planes 
are  so  bent  as  to  form  a  seiies  of  concentric  basins  in  tbe  patb 
of  a  glacier,  it  will  scoop  out  tbe  blocks  in  following  tbose  divisional 
planes  and  form  a  basin.  If  an  existing  lake-basin,  for  example, 
were  filled  witb  brick-sbaped  masses,  and  a  glacier  moved  down 
upon  it,  one  cannot  doubt  tbat  it  would  bave  sufficient  power,  gradu- 
ally to  pusb  tbese  masses  before  it,  and  raise  tbem  up  tbe  opposite 
dope.  Unquestionably  tbis  action  is  in  accordance  witb  wbat  we 
see  ice  doing,  and  does  not  make  tbose  demands  on  our  belief  of  tbe 
eroding  power  of  ice  wbicb  are  required  by  tbe  ordinary  erosion 
theory.  Moreover,  several  small  lake-basins  exist  in  Norway,  of 
which  tbe  form  appears  to  be  determined  by  tbe  divisional  planes. 
It  will  not  be  difficult  to  put  tbis  bypotbesis  to  tbe  test  of  facts,  and 
thus  to  ascertain  whether  tbe  condition  for  a  lake-basin  is  tbe  requi- 
site curvature  in  divisional  planes  lying  in  tbe  patb  of  a  glacier.  I 
may  add  one  or  two  otber  remarks  on  points  of  geological  interest. 

The  glacier  near  Odde  on  tbe  Hardanger  Fiord,  called  tbe 
Bnerbrae,  is  worth  special  attention.  It  is  easily  visited  in  a  day 
from  Odde,  wbicb  is  accessible  by  steamer  in  a  day  from  Bergen. 
It  is  an  entirely  new  glacier,  there  having  been  no  glacier  in 
the   valley  fifty  years  ago,  as  I   was  assured.    1\>  \i^%  ^n^\^<:^r^ 
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2000  yards  in  twenty  years,  and  during  the  present  ye«r  h» 
a«lvancoil  70  yards.  It  is  now  (by  aneroid)  1155  feet  abore  the 
sea.  Hie  steep  slope  of  ice  terminates  in  a  very  small  moniDe, 
a  yard  or  two  wide,  supplied  partly  by  small  stones  falling  from  the 
surface,  and  partly  from  the  ploughing  effect  of  the  snont  of  the 
glacier.  l^Iasses  of  fresh  turf,  with  flowers  still  in  bloom,  are  thrown 
up  in  this  moraine  as  the  inexorable  mass  pushes  on.  It  is  now 
ploughing  through  the  sweet  pastures  lielonging  to  a  farm.  ^Hthin 
a  few  yards  of  the  glacier,  are  to  be  found  wild  roses  and  foxgloves, 
ladies-mantle  and  holly  fern,  and  a  score  of  meadow  flowers,  with 
ripe  raspberries,  and  strawberries  and  blackberries.  By  ascending 
the  valley  by  the  side  of  the  glacier,  or  on  the  steep  face  of  the  difis, 
one  may  study,  under  the  most  advantageous  circumstances  poBsible, 
the  mode  of  action  of  a  glacier.  There,  at  about  700  feet  abore  the 
lowest  point  of  the  glacier,  on  the  north  side,  the  joints  in  the  rock 
rtui  in  such  a  way  as  to  expose  the  bhx^ks  to  be  torn  out  of  their 
bods ;  and  there  I  saw  a  huge  mass,  detached  by  only  a  foot  or  two 
from  its  place,  but  on  its  way  down  the  valley.  There  is  also  the 
pcculiarit}'  in  this  glacier  of  a  large  waterfall  in  the  middle  of  it, 
at  about  3o00  feet  above  the  sea.  falling  from  under  a  wall  of  ice 
to})ping  precipitous  glaciated  rocks,  over  which  masses  of  ioe  occa- 
sionally fall. 

llie  glaciers  in  the  Horungeme  mountains,  at  any  rate  on  the 
eastern  and  northern  faces,  are  retiring  at  present.  One  of  those  on 
the  eastern  side,  visible  from  the  hills  alK)ut  two  hours'  walk  beyond 
tho  Morke  Fos.  showed  most  jjlainly  the  successive  moraines  that  it 
hnd  left  as  it  had  paused  in  its  retreat.  Another  glacier  visible  from 
the  same  point  is  tho  most  symmetrical  as  regards  its  form  and  its 
crevasses  that  I  i*ememher  to  have  seen.  The  crevasses  form  reguki 
paral>olic  curves  w^ith  the  vertices  pointing  up  the  valley. 

Al)out  a  mile  from  Eide  on  tho  Ilardanger  Fiord,  on  the  post-road 
to  Vossevangen,  is  a  clift  of  mica  slate.  Tlio  lower  half  of  it  was 
]>r(4ected  from  weathering  by  a  slope  of  stones,  an  old  moraine,  till 
wMtliin  the  last  few  years,  when  the  stones  were  removed  to  make 
the  road.  Hence  there  is  exhibited  a  splendid  contrast  between  tht* 
woalliered  and  unweathered  parts  of  the  cliff.  The  lower  part  is 
sniootli  and  striated,  though  the  material  is  here  soft  and  crumblv; 
and  llie  upper  part  is  already  much  broken  up.  Young  trees  are 
growing  in  its  crevices,  blocks  have  fallen  from  it,  turf  is  beginning 
to  f(>rni  on  ledges  in  it,  and  it  has  lost  evorj-  trace  of  glaciation  in 
d(.t;iil.  Tlie  fact  is  of  course  comnionplace  enough,  but  the  contrast 
is  so  striking  in  this  particular  instance  that  it  may  be  pardonable  to 
nutation  it. 

In  conclusion,  I  will  repeat  that  for  structural  geology  there  is  no 
1>1mco  like  N<Mway ;  and  it  is  as  a  working  hyi^othesis  for  observations— 
and  for  tliis  i)urpose  almost  any  hypothesis  is  better  than  none — that 
I  commend,  especially  to  geological  tourists  in  Norway,  these  obser- 
vat  inns  and  si>eculations  as  to  the  fonns  of  valleys  and  the  origin  of 
lako-bar>ins. 
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n. — On  the  Fobmation  op  Bxltas:  and  on  the  Eyidenoe  and 
Cause  of  Gbsat  Changes  in  the  Sea-Leybl  dubing  the 
Olaoial  Period. 

By  Alfred  Ttlob,  F.0.8. 

(PLATE  XI.) 

Fart  II, — Continued  from  pag$  399. 

IT  would  be  the  safer  plan,  in  considering  the  remaikable  Qravel 
and  Crag  deposits  which  characterize  so  distinctly  the  Quaternary 
Period,  to  infer  the  size  of  rivers,  amount  of  rainfcdl,  and  elevation 
of  tides  from  the  deposits  themselves.  Further  acquaintance  with 
meteorological  phenomena  may  find  a  fitting  explanation  of  the 
difficulties  we  meet  with  in  explaining  the  position  of  the  gravel  at 
such  heights  above  our  present  streams,  and  freeh-wat^r,  alternating 
with  marine  clay,  and  sands  at  such  depths  below  the  sea-level. 

Delta  of  the  Po. — ^The  diagram,  PI.  XI.,  Fig.  1,  represents  the  dif- 
ferent strata  passed  through  in  making  20  borings  for  water  in  the  Delta 
of  the  Kiver  Po,  near  Venice.  These  extend  from  St  Servolo  to  Ghetto 
Nuovo,  a  distance  of  about  6  miles.  The  well  at  Casa  de  Dio  reaches  a 
depth  of  572  feet  That  of  St.  Maria  Formosa  452  feet.  M.  Laurent, 
of  Paris,  the  experienced  well-borer,  who  is  well  acquainted  also  with 
geology,  kindly  made  the  drawing  for  me  many  years  smce,  a  copy 
of  which  I  now  use  as  a  diagram.  Of  course  the  only  points  accu- 
rately determined  are  those  in  the  18  borings.  The  two  great  water- 
bearing beds  have  been  traced  throughout  the  18  borings,  and  are 
represented  as  continuous  in  the  diagram  marked  A.  and  B.  They  can 
only  supply  water  equal  to  the  quantity  of  rain  on  their  outcrop. 

The  clays,  lignitiferous  sandy  pebble  and  shell  beds,  are  represented 
by  di£ferent  colours ;  also  the  wells  from  which  gases  escape  are  dis- 
tinguished on  the  drawing  Fig.  1.  At  St  Leonardo,  No.  17,  the  lig- 
nitiferous beds  occupy  nearly  one-third  of  the  first  190  feet  of  strata 
passed  through.  The  great  water-bearing  sands  are  40  feet  thick  at 
the  A.  point 

The  lignites  sometimes  succeed  clays,  sometimes  sand,  and  cure  not 
oontinuous,  they  are  therefore  entirely  distinct  in  stratification  from 
the  true  coals  of  the  Carboniferous  formation,  which  are  stratified  con- 
tinuously and  usually  repose  upon  clay.  It  is  however  interesting  to 
observe  the  horizontal  development  of  the  water-bearing  sands  of  a 
Delta,  which  may  compare  with  similar  horizontal  bands  in  the  Coal- 
measures.  The  evidence  offered  by  these  two  remarkable  beds  of 
£and  is  that  there  was  a  marked  change  in  the  amount  of  denudation 
in  the  area  drained  by  the  Po,  or  in  the  material  thrown  back  on  to 
that  part  of  the  Delta  by  the  sea,  arising  from  a  change  in  the  posi- 
tion of  the  margin  of  the  Delta  (when  these  sands  were  deposited), 
as  well  as  the  coarse  material  indicating  a  greater  rainfall. 

The  surface  of  the  soil  at  Venice  is  5  feet,  on  an  average,  above 
high- water  mark  in  the  Adriatia 

The  mineral  character  of  the  first  and  last  stratum  perforated  at 
Casa  de  Dio  are  remarkably  alike,  although  separated  by  500  feet  of 
strata.     The  upper  bed  contains  fragments  of  human  industry  as\<i 
marine  shells  exclusively.     In   descending  iTom.  >iXi'^  «vsx\^^ife  ^^ 
marine  abeUa  become  mixed  with  freAiwaitex  8^^v^.    ^:»si^  «s^ 
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most  frequent  in  the  lower  beds,  and  contain  lignite,  consiittiDg  of 
broken  pieces  of  vegetable  ongin,  distributed  through  the  mass  of 
sand  like  some  beds  in  the  Hastings  Wealden,  ^where  subseqaoit 
denudation  enables  the  relations  of  clay  beds  to  sands  to  be  well  seen 
(see  A.Tylor,on  the  Wealden,  Q.  J.  Geol.  Soc.,  1862,  vol,  xviiL,p.2oO). 

In  the  middle  and  upper  series  the  lignite  occurs  in  veins  or  threads, 
and  in  beds  alternating  with  sands  and  clays.  The  lo'wer  beds  are  Ten 
micaceous,  but  there  are  only  traces  of  mica  in  the  upper  series. 

The  beds  in  this  Delta  may  be  said  to  be  horizontal,  as  in  a  distance 
of  six  miles  there  is  no  sensible  difference  of  level.  In  the  Wealdeo 
there  are  numerous  flexures.^ 

At  St*  Maria  Formosa,  No.  8,  there  are  5  water-beariing  beds,  one 
witliin  8  feot  of  the  surface.  At  St  Leonardo  the  spring  of  water  is 
80  feet  from  the  surface.  There  are  great  variations  in  the  water- 
level  of  springs  and  wells  in  most  deltas. 

The  course  of  the  river  Po  from  its  scarce  at  Monte  Viso,  801  feet 
above  the  moon  level  of  the  sea,  to  the  mouth  at  Maeetro,  hu 
been  drawn  by  Mr.  Beardmore  (Man.  Hydra,  plate  xiii.),  who  alio 
gives  sectiopii  of  the  tributaries. 

For  a  distance  of  160  miles  between  Chyvasso  and  Cremona  the 
line  represented  by  the  level  of  the  bank  of  the  Po  cloaely  coinddes 
with  the  parabolic  curve ;  at  no  part  lb  there  a  greater  error  than  5  feet 
in  a  course  of  150  miles. 

I  mention  these  circumstances,  as  Deltas  and  alluvial  formations  are 
<li^sciil>c(l  as  planes,  while  their  surface  really  is  a  close  approximation. 
I  ]>olievc,  to  a  true  parabolic  curve.  It  is  sufficient  hero  to  record  the 
fact  that  the  approximate  level  of  the  bank  of  the  Po  at  any  point  can 
1)0  ascertained,  if  three  ]x>ints  are  given  in  the  manner  ab<.>ve  stated. 

M.  Ch.  Laurent  writes  to  me,  Oct.  31,  1868  :— "  The  wells  of 
Venice,  are,  as  you  know,  in  the  enormous  Delta  fonned  by  the  Po, 
tlie  Adige,  the  Tagliamento,  and  the  Brenta,  filling  up  a  gulf.  Tbe 
alternations  of  sand  met  with  often  present  debris  of  marine  shells. 
(/ardinm,  etc.  The  lignites  and  lignitiferous  clays,  as  far  as  I  coiiM 
ol)serve,  in  the  well  sunk  in  the  Island  of  San  Servolo  and  at  the 
Madonna  del  Orto,  contained  fresh-water  debris  nnd  terrestrial 
remains.  In  this  debris  I  have  seen  Sncchiea,  Fiipa,  Helix,  and  even 
in  the  lignites  in  the  well  sunk  in  the  Place  St.  Marc,  nn  elytra, 
])f  rfcctly  i)refierved,  of  an  insect  (Buprestii).  This  insect  was  un- 
to rtunately  destroyed  by  contact  with  the  air.  There  is  in  these 
d«  posits  an  oscillation  or  alternation  (hahmcement)  betw^een  the 
mirine  ]iroduct8  and  the  fresh-water  i)roduct8.  It  is  altogether  what 
takes  i>laco  now  at  the  surface  in  modem  deposits." 

Flexures^  arising  from  the  original  or  (latest)  uneven  upheaval  of 

^  y*>t  fractwefi  cxcliisivoly  (sec  Quart.  Joum.,  p.  251,  1862,  by  the  author^  The 
author  thinks  these  tk-xures  are  iu  consequence  of  uneven  upheaval,  often  in  binomial 
curves,  alouf^and  at  right  angles  to  a  curved  axis,  eh'vated  mtwt  in  the  Pluvial  Period 
at  Crowhoro',  and  before  denudation  conimenoed;  flexures,  longitudinal  and  transviTso, 
aided  by  side  streamp,  principally  guide  the  Wealden  watercourses  and  rivers  in  their  ro- 
Diarkable  course ;  this  1  shall  prove  by  measured  sections  hereafter.  (See  Figs,  o  and  6.) 
— A.  T.,  Nov.  1868. 

^  !*'/(. lures  in  binomial  curve*  TUft'5\^  ^^itivm  vC^  C3«>h\\c\^v:-A  Wvjt*^  although  ihty 
are  Lot  described  as  such  hy  ifeiows  Yi\io\xa."Sft  to».^vL^cai. 


A.  Tylor— Formation  of  DeUa$.  487 

the  tract  situated  within  the  water-shed,  consisting  of  unequally  in- 
clined, unequally  hard,  and  of  unequally  pervious  strata,  start  and 
determine  the  subsequent  direction  of  every  watercourse,  and  all 
main,  tributary,  and  pluvial  denudation  ^  in  the  valleys  of  the  Po, 
Weald,  Thames,  and  all  other  rivers.  Thus  tributaries  and  side 
streams,  flowing  off  the  soft  Oolites  near  Schaffhausen,  from  their 
inclination  against  the  stream  flowing  from  very  high  ground,  oppose 
and  repel  the  Ehine,  while  others  further  on,  inclining  towards 
the  stream,  attract  and  assist  it  to  pierce  the  muc^  harder  rooks '  be- 
tween Bingen  and  Bonn.'  Thus  the  hard  rocks  sometimes  are 
denuded,  while  soft  ones  out  of  the  track  escape. 

M.  Lombardini,  in  his  work  ''Changes  in  the  Hydraulic  Conditions 
of  thePo"  ^  (1852,  Milan),  removes  some  misconception  about  the  posi- 
tion of  the  bed  of  the  river  Po,  which  have  not  only  passed  current  for 
many  years,  but  have  been  quoted  as  typical  conditions  of  rivers. 
M.  Lombardini  shows  that  the  flood  high- water  mark  of  1839  was 
only  5  feet  above  the  ancient  natural  bank,  and  was  3  feet  actually 
below  the  surface  of  the  ancient  embankment  of  the  Po.  The  pro- 
longation of  the  Po,  as  erroneously  calculated  by  M.  de  Prony,  was 
from  A.D.  1200  to  a.d.  1600,  at  itie  rate  of  815  feet  per  annum, 
from  A.D.  1600  to  the  present  century,  at  the  rate  of  227  feet  per 
'annum.  M.  Lombardini  shows  that  the  rate  of  progress  of  the 
Delta  from  a.d.  1600  to  the  present  day  is  only  one-fifth  greater  than 
formerly,  and  that  increase  is  owing  to  the  levees,  which  have  raised 
the  level  of  the  river  3  feet  3  inches. 

There  appears  to  be  no  foundation  whatever,  according  to  Lombar- 
dini, for  the  statements  made  about  the  condition  of  the  river  Po, 
for  Lombardini  proves  by  reference  to  flood-gates  that  the  extreme 
low-water  surface  of  the  river  has  not  changed  sensibly  in  two 
centuries ;  also  that  at  Stellata,  16  miles  above  Ferrara,  the  surface 
of  the  river  at  that  point  could  not  have  been  elevated  since  that  day  . 
by  the  prolongation  of  the  Po.  There  are  no  lumps  of  clay  in  the 
Po,  raised  by  subsidence  elsewhere,  as  in  the  Mississippi.  The  drain- 
age of  a  lake,  or  melting  of  snow,  or  denudation,  or  deposition, 
dSsturb  the  existing  equilibrium  of  the  crust  of  the  earth,  but  gravity 
must  have  always  assisted  the  force  producing  subsidence,  and 
opposed  that  producing  elevation.  If  the  mass  of  freshwater  strata 
from  the  earliest  period  has  always  borne  the  same  proportion  to 
marine  strata  above  the  sea-level  that  it  does  now,  and  that  the  mass 
of  earth  above  the  sea-level  has  always  borne  to  the  mass  of  the  sea, 
then  extra  heat  must  have  been  obtained  from  above  and  below,  or 
from  chemical  action,^  to  produce  elevatory  and  depressing  force  exactly 
sufficient  to  do  the  required  work,  less  the  effective  force  of  gravity 

^  Denudation  is  work  done  to  produce  stability  in  strata  to  bear  their  load  under 
the  new  physical  conditions  established. 

'  The  author  has  a  very  interesting  case  of  a  river  piercing  a  rock  near  Istrad  Vellte, 
South  Wales,  which  he  will  shortly  describe,  showing  an  actual  case  of  denudation. 

'  See,  **  Remarks  on  Denudation,"  by  the  Author,  read  May,  1868,  p.  71,  toI. 
zxT.,  Quart.  Joum.    All  tributaries  adjust  their  bottom  levels  in  relation  to  the 
main  stream.    They  cannot  cut  down  their  beds  when  the  main  atteanLbWk&^^ 
water.  *  flumphreys  and  Abbot,  page  4U.  *  ^«^^\t'SL.'Vi«r\, 
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as  foiind  to  be  63  feet  thick.  No.  48,  29  feet  thick,  very  pure 
No.  42,  32  feet  thick,  leaden  blue  day  effervesced  with  acid, 
clay  is  described  as  identical  with  No.  19,  and  effervesced 
icid.  No.  19,  blue  clay,  with  amber-coloured  masses,  each 
ling  a  yellow  pebble.  The  remaining  12  clay-beds  only 
t  to  205  feet  in  thickness,  or  an  average  of  17  feet  each, 
n  the  Delta  of  the  Po,  so  in  the  Mississippi  Delta,  the  lower 
re  the  most  sandy.  Messrs.  Humphreys  and  Abbot  ^  give  the 
sious  of  the  Delta  as  follows  : — 

area  of  the  tract  of  alluvial  land  from  Cape  Girardeau  to  the 
f  the  assumed  Delta,  as  given  by  previous  writers,  is  too  great, 
reful  measurements  upon  the  most  authentic  maps  it  is  as 

3  : SaUABB  MILB8. 

.  Francis  bottom .  6,900 

azoo  bottom 7,110 

sntas  bottom   .     .     , 4,440 

Swamps  in  the  east  bank,  from  Cairo  to  Baton  Bouge  1,000 

19,460 

area  now  drained  by  the  Mississippi  and  its  tributaries  is  esti- 
at  2,455,360  square  miles.* 

n  Humphreys  and  Abbot's  report  we  learn  that  the  Mississippi 
is  never  charged  with  matter  in  suspension  up  to  the  quantity 
ter  could  hold.  At  high- water,  both  in  1867  and  1858,  the 
eld  little  more  sediment  per  cubic  foot  than  at  dead  low- water, 
the  soundings  of  the  Survey  proved  that  the  river  made  no 
\  in  its  channel.  The  caving  in  of  the  banks  when  the  river  is 
temporarily  affects  the  amount  of  sediment  in  the  river. 

SLOPE  OF  THB  MISSISSIPPI  RIYBB.' 
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employed  in  fnToar  of  BiibBiclence,  and  prodncing  el* 
for  instance,  tlie  conversion  of  a  dry  valley  into  a 
lower  tbo  eartt's  crust  by  its  extra  weight,  tendin 
sidenco  at  ono  point  and  clevatioD  at  another. 
would  (end  to  produce  subsidence.  The  depress!* 
must  have  lowered  a  much  lai^r  mass,  apa 
energy,  than  the  Wealden  elevation  raised.  In  tl 
author,  all  elevatinna  are  uneven  and  sudden. 
the  Alps  in  the  Miocene  period  must  have  accom{ 
consoquenco  of  a  much  larger  movement  of  depressic 
timea  Mioceneisland  or  con tinent  (near Plato's  Atlai 
was  suddenly  depressed.  E.  Forbes  thought  the  pt 
floating  masses  of  sea-weed  marked  the  site  of  thii 
siibBidoncc  of  solid  matter  in  one  part  may  displa 
Sir  H.  Davy's  theory,  and  produce  an  elevation  of 
oquii-nlcnt  height  elsewhere ;  but  it  cannot  produo 
elevation  elsewhere  (as  part  of  the  force  is  expei 
diicing  motion),  except  where  there  is  a  fluid,  or  t 
fluiil  (ns  in  the  Delta  of  the  Uississippi),  to  comm 
without  losB  of  energy,  or  below  the  surface  of  tht 
matter  may  be  fluid. 

In  concluding  my  remarks  upon  the  Delta  of  t 
only  necessary  to  repeat  that  it  is  shown  in  the 
by  the  strata.  A.  and  B.,  that  there  are  two  prin 
are  always  water-beai'iiig,  one  between  the  limiti 
feet,  nnd  the  other  nt  about  UOO  feet.  The  upper  i 
full  of  cfliburetted  hjdnigen  gas,  that  in  applyi 
mouth  of  Komo  of  the  wells  the  gas  firet  detonates  n 
buniing  with  a  constant  flume.  The  lower  sand 
gas,  but  is  always  full  of  water,  which  flows  with  , 

Tlie  writer  exhibited  at  the  Geological  Society  f 
Jenkins  of  some  of  the  Eoceno  Cyrena  beds,  with  ] 
prove  thitt  at  Dnlwich  a  deposit  like  that  of  the  '. 
Po  existed  in  Eocene  times. 

Delta  of  tub  MiSKissirn. — A  somewhat  similar 
in  the  Delta  of  tlie  MifiRissippi,  near  New  Orleans 
feet  from  the  siu'fooc.  This  lias  been  tapped  in  m 
Orleans  for  the  cfirbiiretted  hydrogen  gas  it  contains. 
or  four  inches  in  diameter,  are  forced  down  60  feet,  n 
ciently  good  for  burning.  I  will  now  give  an  abslraci 
which  lias  boon  published,  of  the  section  of  a  well, 

Tlie  well,  commenced  in  New  Orleans  in  1854,  v 
to  a  depth  of  about  630  feet.  Tlicro  are  36  wel 
tions  of  clay  and  sands  ;  4  lignitiforous  beds,  some 
tbo  lowest  at  150  feet  from  the  surface  containing 
striated  with  thin  plates  of  silicooiis  matter.  Tbei 
in  dift'c'iTnt  parts  of  the  series  of  marine  and  i 
making  a  total  of  14  feef.  Tho  lowest,  No.  5+.  was 
surfiice.  The  18  bcils  of  claj  wiaktt  a  total  tbicknef 
lowest  of  these  is  3G  IcetttiitV.,  &Ti4\&'So-'jii-m.>c 
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elay,  was  fonnd  to  be  63  feet  thick.  No.  48,  29  feet  thick,  -very  pure 
clay.  No.  42,  32  feet  thick,  leaden  blue  day  efferyesced  with  acid. 
No.  22  clay  is  described  as  identical  with  No.  19,  and  effervesced 
Tnth  acid.  No.  19,  blue  clay,  with  amber-coloured  masses,  each 
containing  a  yellow  pebble.  The  remaining  12  clay-beds  only 
amount  to  205  feet  in  thickness,  or  an  average  of  17  feet  each. 

As  in  the  Delta  of  the  Po,  so  in  the  Mississippi  Delta,  the  lower 
beds  are  the  most  sandy.  Messrs.  Humphreys  and  Abbot  ^  give  the 
dimensions  of  the  Delta  as  follows  : — 

The  area  of  the  tract  of  alluvial  land  &om  Cape  Qirardeau  to  the 
head  of  the  assumed  Delta,  as  given  by  previous  ¥rriter8,  is  too  great. 
By  careful  measurements  upon  the  most  authentio  maps  it  is  as 

follows  : 8QUABB  MILES. 

The  St.  Francis  bottom .  6,900 

The  Yazoo  bottom 7,110 

The  Tentas  bottom  .     .     , 4,440 

Small  Swamps  in  the  east  bank,  firom  Cairo  to  Baton  Bonge  1,000 

19,460 

The  area  now  drtdned  by  the  Mississippi  and  its  tributaries  is  esti- 
mated at  2,455,350  square  miles.' 

From  Humphreys  and  Abbot's  report  we  learn  that  the  Mississippi 
water  is  never  chturged  with  matter  in  suspension  up  to  the  quantity 
the  water  could  hold.  At  high-water,  both  in  1857  and  1858,  the 
river  held  little  more  sediment  per  cubic  foot  than  at  dead  low- water, 
when  the  soundings  of  the  Survey  proved  that  the  river  made  no 
deposit  in  its  channel.  The  caving  in  of  the  banks  when  the  river  is 
falling  temporarily  affects  the  amount  of  sediment  in  the  river. 

SLOPE  OF  THE  MISSISSIPPI  EIYSa.' 
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employed  in  favour  of  Babmdence^  and  prodnoing  eleiraiion  in  litkMii 
for  instanoe,  the  eonyendon  of  a  diy  vallqr  into  a  lake  mnifctBidli 
lower  the  earth's  oniat  bj  its  eactra  weight,  twiding  to  prodim  db- 
sidenoe  at  one  point  and  deration  at  another.  Any  delta  iagA 
would  tend  to  produoe  snheidenoe.  Hie  depreaaioa  of  tlie  CmmI 
must  have  lowered  a  much  larger  mass,  apart  from  Tohvb 
energy,  than  the  Wealden  devation  raised.  In  the  opinioB  of  fti 
author,  all  elevations  are  mieven  and  sodden.  ^Hie  eleviftioB  tf 
the  Alps  in  the  Miooene  period  must  have  aooompanieS  or  beaafti 
oonse(m6noeofamndila]^^movementofdiq[n»aaiooi;  prolMbtyitfti 
timea  liioceneisland  or  continent  (near  Plato's  AtJantie)  in  the  iSUh 
was  suddenly  depressed.  E.  Forbes  thought  tibe  position  of  thegmft 
floating  masses  of  sea-weed  matked  the  site  of  this  ancient  land.  A 
subsidence  of  solid  matter  in  one  part  may  displace  fluid  orgH^aa 
Sir  H.  Davy's  theoxy,  and  produce  an  elevation  of  solid  mattv  toai 
equivalent  height  elsewhere ;  but  it  cannot  produce  a  oorrespon&g 
elevation  elsewhere  (as  part  of  the  foroe  is  expended  without  in- 
ducing motion),  except  where  there  is  a  fluid,  or  the  equivalent  cfs 
fluid  (as  in  the  Delta  of  the  Mississippi),  to  communioi^  movelBeBk 
without  loss  o£  energy,  or  below  the  sur&ce  of  the  solid  omstwhen 
matter  may  be  fluid. 

In  condudiDg  my  remarks  upon  the  Ddta  of  tiie  Biver  Flo,  itii 
only^  necessary  to  repeat  that  it  is  shown  in  the  diagram  E^  1, 
by  the  strata,  A.  and  B.,  that  there  are  two  principal  beds  iniidi 
are  always  waterrbearing,  cue  between  the  limits  of  145  and  181 
feet,  and  the  other  at  about  200  feet  The  upper  sand  bed,  B.,  is  lo 
full  of  carburetted  hydrogen  gas,  that  in  applying  a  light  to  the 
mouth  of  some  of  the  wells  the  gas  first  detonates  and  then  continiies 
burning  with  a  constant  flame.  The  lower  sand  bed  contains  less 
gas,  but  is  always  full  of  water,  which  flows  with  great  regularifj. 

The  writer  exhibited  at  the  Geological  Society  a  drawing  by  Mr. 
Jenkins  of  some  of  the  Eocene  Cj^rena  beds,  with  plants,  etc.,  whidi 
prove  that  at  Dulwich  a  deposit  like  tbat  of  the  Delta  beds  of  the 
1^0  existed  in  Eocene  times. 

Delta  of  the  Misbisbippi. — A  somewhat  similar  bed  of  sand  exists 
in  the  Delta  of  the  Mississippi,  near  New  Orleans,  at  a  depth  of  60 
feet  from  the  surface.  This  has  been  tapped  in  many  parts  of  New 
Orleans  for  the  carburetted  hydrogen  gas  it  contains.  Iron  tubes,  thns 
or  four  inches  in  diameter,  are  forced  down  60  feet,  and  the  gas  is  suffi- 
ciently good  for  burning.  I  will  now  give  an  abstract  of  the  descriptioa 
which  has  been  published,  of  the  section  of  a  well,  by  Dr.  Bend^ct 

The  well,  commenced  in  New  Orleans  in  1854,  was  only  continued 
to  a  depth  of  about  630  feet.  There  are  36  well-marked  dterna- 
tions  of  clay  and  sands ;  4  lignitiferous  beds,  some  with  rootlets,  and 
the  lowest  at  150  feet  from  the  surface  containing  a  sound  cedar  log 
striated  with  thin  plates  of  siliceous  matter.  There  are  6  shell-beds 
in  different  parts  of  the  series  of  marine  and  fresh  water-beds? 
making  a  total  of  14  feet.  The  lowest,  No.  54,  was  643  feet  from  the 
surface.  The  18  beds  of  cla^  m«kA  o^  total  thickness  of  266  feet  The 
lovf^Bi  of  these  is  86  ieet^cV,  MASa'^ci,^^m^^w8c«i^.   U<s^51, 
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clay,  was  fonnd  to  be  63  feet  thick.  No.  48,  29  feet  thick,  very  pure 
clay.  No.  42,  32  feet  thick,  leaden  blue  day  efferyesced  with  acid. 
No.  22  clay  is  described  as  identical  with  No.  19,  and  effervesced 
Tnth  acid.  No.  19,  blue  clay,  with  amber-coloured  masses,  each 
containing  a  yellow  pebble.  The  remaining  12  clay-beds  only 
amount  to  205  feet  in  thickness,  or  an  average  of  17  feet  each. 

As  in  the  Delta  of  the  Po,  so  in  the  Mississippi  Delta,  the  lower 
l>eds  are  the  most  sandy.  Messrs.  Humphreys  and  Abbot  ^  give  the 
dimensions  of  the  Delta  as  follows : — 

The  area  of  the  tract  of  alluvial  land  from  Cape  Qirardeau  to  the 
liead  of  the  assumed  Delta,  as  given  by  previous  vrriters,  is  too  great. 
By  careful  measurements  upon  the  most  authentio  maps  it  is  as 

follows  : •    8QUABB  MILB8. 

The  St.  Francis  bottom .  6,900 

The  Yazoo  bottom 7,110 

The  Tentas  bottom  .     .     , 4,440 

Small  Swamps  in  the  east  bank,  firom  Cairo  to  Baton  Bouge  1,000 

19,460 

The  area  now  drained  by  the  Mississippi  and  its  tributaries  is  esti- 
mated at  2,455,350  square  miles.^ 

From  Humphreys  and  Abbot's  report  we  learn  that  the  Mississippi 
ivater  is  never  charged  with  matter  in  suspension  up  to  the  quantity 
the  water  could  hold.  At  high-water,  both  in  1857  and  1858,  the 
river  held  little  more  sediment  per  cubic  foot  than  at  dead  low-water, 
T^hen  the  soundings  of  the  Survey  proved  that  the  river  made  no 
deposit  in  its  channel.  The  caving  in  of  the  banks  when  the  river  is 
fiEilling  temporarily  affects  the  amount  of  sediment  in  the  river. 

SLOPE  OF  THE  MI88I88IFPI  BITB&.' 
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employed  in  favour  of  Babsidenee^  and  prodnoing  ele'vation  in  litkMii 
for  instanoe,  the  oonyenAon  of  a  dry  valley  into  a  lake  miiifctalto 
lower  the  earth's  oniat  by  its  extra  weighty  tending  to  piodiHS  db- 
sidence  at  one  point  and  deration  at  another.  Any  della  iagtA 
would  tend  to  prodnoe  snbsidenoe.  Hie  depxeaaicm  of  tlie  CmmI 
mnst  have  lowered  a  muoh  larger  mass,  apart  from  lohn 
energy,  than  the  Wealden  elevation  raised.  In  the  optnioB  of  fti 
author,  all  elevations  are  uneven  and  sudden.  ^Hie  elevatioa  d 
the  Alps  in  the  Miooene  period  must  have  aooompanied  or  beaafti 
oonsequenoe  of  a  much  lai^^  movement  of  depression;  jnobsiUyitfti 
timea  ICiooeneisland  or  continent  (near  Plato's  Atlantis)  in  the  Atetii 
was  suddenly  depressed.  E.  Forbes  thought  tibe  position  of  thegmt 
floating  masses  of  sea- weed  marked  the  site  of  tms  ancient  ]aD&  A 
subsidence  of  solid  matter  in  one  part  may  displaoe  fluid  or  gH^  at 
Sir  H.  Davy's  theory,  and  produce  an  elevation  of  solid  mattv  toM 
equivalent  height  elsewhere ;  but  it  cannot  prodnoe  a  oorresponftg 
elevation  elsewhere  (as  part  of  the  force  is  expended  wifhool  in- 
ducing motion),  except  where  there  is  a  fluid,  or  the  equivalent  cf  a 
fluid  (as  in  the  Delta  of  the  Mississippi),  to  communicaate  movelBeBk 
without  loss  o£  energy,  or  bebw  the  sur&ce  of  the  solid  omstwkn 
matter  may  be  fluid. 

In  ooncfading  my  nmuik.  upon  tbe  Ddte  offlie  Bi^er  F^ftii 
only^  necessary  to  repeat  that  it  is  shown  in  the  diagram  1%.  1, 
by  the  strata,  A.  and  B.,  that  there  are  two  principal  beds  woidi 
are  always  waterrbearing,  one  between  the  limits  of  145  and  181 
feet,  and  the  other  at  about  200  feet.  The  upper  sand  bed,  B.,  is  lo 
full  of  carburetted  hydrogen  gas,  that  in  applying  a  light  to  the 
mouth  of  some  of  the  wells  the  gas  first  detonates  and  then  contiDiies 
burning  with  a  constant  flame.  The  lower  sand  bed  contains  lea 
gas,  but  is  always  full  of  water,  which  flows  with  great  regularity. 

The  writer  exhibited  at  the  Geological  Society  a  drawing  by  Mr. 
Jenkins  of  some  of  the  Eocene  Oyrena  beds,  with  plants,  etc.,  whidi 
prove  that  at  Dulwich  a  deposit  like  that  of  the  Delta  beds  of  tlie 
1^0  existed  in  Eocene  times. 

Delta  of  the  Mississippi. — ^A  somewhat  similar  bed  of  sand  exists 
in  the  Delta  of  the  Mississippi,  near  New  Orleans,  at  a  depth  of  60 
feet  from  the  surface.  This  has  been  tapped  in  many  parts  of  New 
Orleans  for  the  carburetted  hydrogen  gas  it  contains.  Iron  tubes,  three 
or  four  inches  in  diameter,  are  forced  down  60  feet,  and  the  gas  is  suffi- 
ciently good  for  burning.  I  will  now  give  an  abstract  of  the  descriptiflo 
which  has  been  published,  of  the  section  of  a  well,  by  Dr.  Bendiot 

The  well,  commenced  in  New  Orleans  in  1854,  was  only  oontinoed 
to  a  depth  of  about  630  feet.  There  are  36  well-marked  alterns- 
tions  of  clay  and  sands;  4  lignitiferous  beds,  some  with  rootlets,  and 
the  lowest  at  150  feet  from  the  surface  containing  a  sound  cedar  log 
striated  with  thin  plates  of  siliceous  matter.  There  are  6  shell-beds 
in  different  parts  of  the  series  of  marine  and  fresh  water-beds? 
making  a  total  of  14  feet  The  lowest.  No.  54,  was  643  feet  from  the 
surface.  The  18  beds  of  clay  make  a  total  thickness  of  266  feet.  Tlie 
lowest  of  these  is  S6  feet  ^oY,  ^xASa^c^  ^^  m^^D^  %»!&»&.    No.  53, 
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clay,  was  fonnd  to  be  63  feet  thick.  No.  48,  29  feet  thick,  very  pure 
clay.  No.  42,  32  feet  thick,  leaden  blue  day  effervesced  with  acid. 
Kg.  22  clay  is  described  as  identical  with  No.  19,  and  effervesced 
"with  acid.  No.  19,  blue  day,  with  amber-coloured  masses,  each 
containing  a  yellow  pebble.  The  remaining  12  clay-beds  only 
amount  to  205  feet  in  thickness,  or  an  average  of  17  feet  each. 

As  in  the  Delta  of  the  Po,  so  in  the  Mississippi  Delta,  the  lower 
beds  are  the  most  sandy.  Messrs.  Humphreys  and  Abbot  ^  give  the 
dimensions  of  the  Delta  as  follows : — 

The  area  of  the  tract  of  alluvial  land  &om  Cape  Qirardeau  to  the 
liead  of  the  assumed  Delta,  as  given  by  previous  ¥rriters,  is  too  great. 
By  careful  measurements  upon  the  most  authentic  maps  it  is  as 

follows  : 8QUABB  MILB8. 

The  St.  Francis  bottom .  6,900 

The  Yazoo  bottom 7,110 

The  Tentas  bottom  .     .    , 4,440 

Small  Swamps  in  the  east  bank,  from  Cairo  to  Baton  Bouge  1,000 

19,460 

The  area  now  drained  by  the  Mississippi  and  its  tributaries  is  esti- 
mated at  2,455,350  square  miles.' 

From  Humphreys  and  Abbot's  report  we  learn  that  the  Mississippi 
water  is  never  charged  with  matter  in  suspension  up  to  the  quantity 
the  water  could  hold.  At  high-water,  both  in  1867  and  1858,  the 
river  held  little  more  sediment  per  cubic  foot  than  at  dead  low- water, 
when  the  soundings  of  the  Survey  proved  that  the  river  made  no 
deposit  in  its  channeL  The  caving  in  of  the  banks  when  the  river  is 
falling  temporarily  affects  the  amount  of  sediment  in  the  river. 

SLOPS  OF  THE  MI88IB8IPFI  BIYBB.' 
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employed  in  favour  of  sabsidence,  and  prodncing  ele-vation  in  baLmoe; 
for  instance,  the  conversion  of  a  dry  valley  into  a  lake  must  tend  to 
lower  the  earth's  crust  by  its  extra  weight,  tending  to  produce  sib- 
sidence  at  one  x)oint  and  elevation  at  another.  Any  delta  depoot 
would  tend  to  produce  subsidence.  The  depression  of  the  Channel 
must  have  lowered  a  much  larger  mass,  apart  from  Tokanic 
energy,  than  the  Wealden  elevation  raised.  In  the  opinion  of  the 
author,  all  elevations  are  uneven  and  sudden.  The  elevation  of 
the  Alps  in  the  Miocene  period  must  have  accompanied  or  been  ti» 
consequence  of  a  much  larger  movement  of  depression ;  probably  at  Ik 
time  a  Miocene  island  or  continent  (near  Plato's  Atlantis)  in  the  Atlantic 
was  suddenly  depressed.  E.  Forbes  thought  the  position  of  the  greai 
floating  masses  of  sea- weed  marked  the  site  of  this  ancient  land.  A 
subsidence  of  solid  matter  in  one  part  may  displace  fluid  or  gas,  on 
Sir  H.  Davy's  theoiy,  and  produce  an  elevation  of  solid  matter  to  u 
equivalent  height  elsewhere ;  but  it  cannot  produce  a  corresponding 
elevation  elsewhere  (as  part  of  the  force  is  expended  without  pro- 
ducing motion),  except  where  there  is  a  fluid,  or  the  equivalent  of  a 
fluid  (as  in  the  Delta  of  the  Mississippi),  to  communicate  movement 
without  loss  of  energy,  or  below  the  surface  of  the  solid  crost  where 
matter  may  be  fluid. 

In  concluding  my  remarks  upon  the  Delta  of  the  Biver  Po,  it  is 
only  necessary  to  repeat  that  it  is  shown  in  the  diagram  Fig.  X 
by  the  strata,  A.  and  B.,  that  there  are  two  principal  beds  whidi 
are  always  waterrbearing,  one  between  the  limits  of  145  and  181 
feet,  and  the  other  at  about  200  feet.  The  upper  sand  bed,  B.,  is  so 
full  of  carburetted  hydrogen  gas,  that  in  applying  a  light  to  the 
mouth  of  some  of  the  wells  the  gas  first  detonates  and  then  continnes 
burning  with  a  constant  flame.  The  lower  sand  bed  contains  less 
gas,  but  is  always  full  of  water,  which  flows  with  great  regularity. 

Tlie  writer  exhibited  at  the  Geological  Society  a  drawing  by  ilr. 
Jenkins  of  some  of  the  Eocene  Cyrena  beds,  with  plants,  etc.,  which 
prove  that  at  Dulwich  a  deposit  like  that  of  the  Delta  beds  of  the 
Po  existed  in  Eocene  times. 

Delta  of  the  Mississippi. — A  somewhat  similar  bed  of  sand  exists 
in  tlio  Delta  of  the  Mississippi,  near  New  Orleans,  at  a  depth  of  60 
feet  from  the  surface.  This  has  been  tapped  in  many  parts  of  New 
Orleans  for  the  carburetted  hydrogen  gas  it  contains.  Iron  tubes,  three 
or  four  inches  in  diameter,  are  forced  down  60  feet,  and  the  gas  is  suffi- 
ciently good  for  burning.  I  will  now  give  an  abstract  of  the  description 
which  has  been  published,  of  the  section  of  a  well,  by  Dr.  Bendict 

The  well,  commenced  in  New  Orleans  in  1854,  was  only  continued 
to  a  depth  of  about  630  feet.  There  are  36  well-marked  alterna- 
tions of  clay  and  sands;  4  lignitiferous  beds,  some  with  rootlets,  and 
the  lowest  at  150  feet  from  the  surface  containing  a  sound  cedar  log 
striated  with  thin  plates  of  siliceous  matter.  There  are  6  shell-beds 
in  different  parts  of  the  series  of  marine  and  fresh  water-ljeds? 
making  a  total  of  14  feet.  Tlie  lowest,  No.  54,  was  548  feet  from  the 
surface.  Tlie  18  beds  of  clay  make  a  total  thickness  of  266  feet.  The 
lowest  of  these  is  ^G  ieet  t\\\Ci\L,  a\i^  \a^o.  ^^  m'Ccvfe  ^fexv^s^,    No.  53, 
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olay,  was  fonnd  to  be  63  feet  thick.  No.  48,  29  feet  thick,  very  pure 
clay.  No.  42,  32  feet  thick,  leaden  blue  clay  effervesced  with  acid. 
No.  22  clay  is  described  as  identical  with  No.  19,  and  effervesced 
with  acid.  No.  19,  blue  clay,  with  amber-coloured  masses,  each 
containing  a  yellow  pebble.  The  remaining  12  clay-beds  only 
amount  to  205  feet  in  thickness,  or  an  average  of  17  feet  each. 

As  in  the  Delta  of  the  Po,  so  in  the  Mississippi  Delta,  the  lower 
beds  are  the  most  sandy.  Messrs.  Humphreys  and  Abbot  ^  give  the 
dimensions  of  the  Delta  as  follows  : — 

The  area  of  the  tract  of  alluvial  land  &om  Cape  Qirardeau  to  the 
head  of  the  assumed  Delta,  as  given  by  previous  ¥rriter8,  is  too  great. 
By  careful  measurements  upon  the  most  authentic  maps  it  is  as 

follows  : 8QUABB  MILB8. 

The  St.  Francis  bottom .  6,900 

The  Yazoo  bottom 7,110 

The  Tentas  bottom   .     .    , 4,440 

Small  Swamps  in  the  east  bank,  from  Cairo  to  Baton  Bouge  1,000 

19,460 

The  area  now  drained  by  the  Mississippi  and  its  tributaries  is  esti- 
mated at  2,455,350  square  miles.' 

From  Humphreys  and  Abbot's  report  we  learn  that  the  Mississippi 
water  is  never  charged  with  matter  in  suspension  up  to  the  quantity 
the  water  could  hold.  At  high-water,  both  in  1857  and  1858,  the 
river  held  little  more  sediment  per  cubic  foot  than  at  dead  low- water, 
"when  the  soundings  of  the  Survey  proved  that  the  river  made  no 
deposit  in  its  channeL  The  caving  in  of  the  banks  when  the  river  is 
falling  temporarily  affects  the  amount  of  sediment  in  the  river. 

8L0PE  OF  THB  MISSISSIPPI  BIYBB.' 
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The  heights  are  not  determined  from  a  trigonometrical  smrey  at 
points  above  Natchez,  and  are  therefore  only  approximate.  TltfJ 
are  derived  from  the  information  given  by  dififerent  railway  engi- 
neers, whose  lines  have  crossed  the  Mississippi. 

By  drawing  a  parabola,  the  curve  will  pass  noar  all  the  oiuef 
intermediate  points.  There  is  a  deviation  of  twBnty-two  feet  it 
Bed  Biver  Landing,  and  of  three  feet  at  St.  Louis.  The  fall  of  the 
Mississippi  is  six  inches  per  mile  at  Cairo.  This  is  the  esse  of 
greatest  error  south  of  Cairo.  At  many  points  the  parabolic  curre 
corresponds  exactly  with  the  surface  of  the  alluvium,  so  that  by 
knowing  the  distance  from  any  point,  you  could  find  the  height ;  or, 
by  knowing  the  height,  you  could  tell  the  distance  precisely  firom 
Cairo  or  New  Orleans.  It  will  be  seen  that  a  similar  law  holdi 
good  for  the  navigable  part  of  other  rivers. 

The  heights  at  some  points  are  probably  not  correct  within  several 
feet,  as  they  aro  not  based  upon  a  trigonometrical  survey. 

In  a  paper  published  in  1853,  the  author  considered  the  proba- 
bility of  the  rainfall  all  over  the  globe  being  many  times  the  present 
average  throughout  the  world,  on  the  evidence  of  the  fineness  of 
the  present  river  sediment  compared  with  the  coarseness  of  the  old 
alluvial  and  gravel  deposits. 

The  average  maximum  depth  of  the  Mississippi  between  the  Ohio 
and  the  head  of  passes  in  the  Gulf  of  Mexico,  determined  from  the 
average  of  forty-five  cross  sections,  is  104  feet, 

Tlie  highest  maximum  recorded  is  180  feet,  and  the  lowest  maxi- 
mum is  71  feet  The  greatest  width  of  river  is  7,800  feet,  and 
smallest  recorded  1900  feet.  The  average  area  of  the  cross  section 
is  197,250  square  feet.  The  avemge  width  is  3,505  feet ;  so  that  ac- 
cording to  these  figures  the  average  depth  must  be  5^^  feet  from 
the  Ohio  to  the  sea,  although  it  is  not  printed  in  the  re]X)rt. 


Yearly  Amount  of  Rain  in  the  Valley  of  the*  Mississippi. 
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In  extreme  low- water  years,  as  1839  and  1835,  tlie  discharge  of 
water  is  only  about  11,000,000,000  of  cubic  feet.  In  ordinary  years 
it  is  19,500,000,000  cubic  feet. 

In  great  flood  years,  as  1823, 1828, 1844, 1849, 1858,  it  is  supposed 
^0  average  about  27,000,000,00^  cvvXAsii^^x..   TV^  ^\advax^e  is  now 
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9|,  and  compared  with  the  rainfall  at  89^,  is  about  as  1  to  4^.  This 
lifference  arises  from  the  re-evaporation  of  the  rainfall  seversu  times 
^fore  it  readies  the  Gulf. 

In  1851  the  mean  proportion  of  sediment  to  water  for  the  whole 
^ear  was  T-,Vr>  ^®  maximum  was  .^^, 

Professor  Hiddell's  last  experiment  was  -Yrrw  ^7  ^6%^^ 

By  Mr,  Meade's  experiments,  page  149,  it  appears  that,  at  Garrol- 
on,  sand  is  always  moving  along  the  bottom  of  the  Mississippi  An 
engineer  who  has  resided  in  a  plantation  near  Fort  St  Philip,  below 
^ew  Orleans,  describes  l^e  newly-deposited  material  to  be  sand,  and 
lot  mud,  and  that  it  is  observed  to  move  along  the  bottom  of  the 
iver  at  a  point  within  thirty  miles  of  the  Gulf  of  Mexico.  At 
yarrolton  ihe  mean  temperature  of  the  air  in  1851  was  67^*6,  the 
iver  water  being  63^*9.  The  mean  temperature  of  the  Mississippi 
ncreases  3^  between  Memphis  and  Carrolton. 

Taking  the  present  rainfall  at  41*5  in.,  and  that  in  the  Pluvial 
Period  at  500  in.  (p.  9,  Quart.  Joum.,  vol.  xxv,),  the  ratio  is  7*23  to  1, 
vr  sevenfold.  If  the  solid  matter  in  suspension  was  seven  times 
toarser  than  at  present,  on  the  average,  we  have  a  new  measure  of 
he  power  of  denudation  and  of  the  extent  of  rainfall  in  the  Pluvial 
Period,  for  the  velocity  and  quantity  of  water  flowing  at  the  same 
lope  must  be  in  a  definite  proportion  to '  the  coarseness  of  the 
materials  carried  by  the  water,  and  vice  versa.  If  300  inches  of 
"ain  fell  in  large  storms,  there  might  have  been  floods  carrying  125 
imes  the  present  quantity  of  water,  an  amount  deduced  by  the 
mthor  from  observing  the  form  and  dimensions  of  the  Quaternary 
leposits  in  the  Valley  of  the  Aire,  Yorkshire.^  The  width,  depth, 
ind  coarseness  of  the  fluviatile  deposits  of  the  Mississippi  are,  in 
)roportion  to  an  average  of  sevenfold  the  rainfall  and  nearly 
iwofold  the  velocity. 

On  the  4th  of  October,  1858,  the  current  was  1*72  feet  per  second, 
md  the  water  held  in  suspension  138  grains  of  solid  matter  per 
•rubio  foot  of  water,  or  22*13  grains  per  gallon.  In  the  Pluvial 
Period  the  author  supposes  the  water  held  in  suspension  160  grains 
yer  gallon  in  ^  '     of  the  weight  of  water. 

Messrs.  Humphreys  and  Abbot  state  (p.  399,  op,  dt)  that  at  New 
Means,  thirty -nine  feet  below  the  surface,  the  marine'  strata  begin, 
IT  those  belonging  to  an  earlier  geological  age  than  the  present,  or, 
kt  least,  before  the  material  brought  down  by  the  Mississippi  river 
s  now  existing  began  to  accumulate  in  this  locality* 

I  have  written  to  Dr.  Bendict,  at  New  Orleans,  for  the  names  of  the 
hellS;  but  have  as  yet  received  no  answer.  Sir  C  Lyell  records  the  oc- 
iurrence  of  an  estuarine  shell'  near  Lake  Pontchartrain  at  a  great 
lepth,  and  very  near  New  Orleans,  where,  on  the  contrary,  Humphreys 
ud  Abbot  describe  marine  shells.  This  requires  expanation,  as  well 
A  many  of  their  other  opinions  as  to  the  age  of  the  clay  imme- 

1  See  p.  63,  Quart  Jonm.,  1869. 

*  The  probability  of  the  Mississippi  Delta  being  partly  marine  was  sug^ted  h^ 
L.  T.,  p.  272,  Phil.  Mag.,  1853 :— "  If  the  ftirtbeT  exwrnna^ivou  ol  Vi^^^  ^i'^Vxa.  ^^  '^is^'*^ 
)ibBiBsippi  BhowB  marine  or  flario-marine  strata,**  etc. 

^  GnatAodon  euneatWf  a  common  bracldsh-'water  bvral'^Q. 
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diately  below  the  modem  aUavinm.  Sir  G.  Lyell*8  aooomit  of  ti» 
stratification  of  the  Delta  appears  much  more  precise  than  that  of 
Messrs.  Humphreys  and  Abbot,  who  seem  to  wish  to  bring  the  fonnt- 
tion  of  the  whole  of  the  alluvium  of  the  Mississippi  ^thin  a  penod 
of  4,400  years.  As  far  as  I  can  ascertain,  this  view  of  the  Ddti^ 
280  miles  long,  70  miles  wide,  having  been  fonned  in  4,400  yetn,  is 
entirely  contrary  to  their  own  evidence. 

Mr.  Sidell  (p.  10,  Appendix  A,  op.  ciL)  writes  respecting  ths 
lumps  which  rise  on  the  river  and  sea-bottom  near  the  passes  of  the 
Mississippi  into  the  Gulf  of  Mexico.  These  lumps  have  a  peculiar 
appearance.  In  entering  the  mouth  of  the  river  they  may  be  taken 
for  rocks,  from  the  steepness  of  their  sides,  their  compactness,  and 
the  appearance  of  stratification  produced  by  cracks.  In  some  oaan 
they  rise  eight  or  ten  feet,  nearly  perpendicularly,  and  at  one  plice 
there  is  a  mound  in  the  shape  of  a  truncated  cone,  ascertained  to  be 
at  least  eighteen  feet  high.  It  is  nearly  inaccessible  through  the 
marsh  or  flat  that  surrounds  it 

The  material  of  the  lumps  is  a  very  fine  clay;  it  decrepitates  with 
heat.  On  many  of  these  lumps  are  found  springs  of  salt  water. 
The  spring  issues  through  a  well-defined  crater  as  firm  on  the  ndes 
as  a  chimney,  generally  of  about  six  inches  diameter.  There  is  an 
ebullition  of  the  water  of  the  spring  at  considerable  intervals,  and 
inflammable  gas  constantly  escapes  from  some  of  them.  This  is 
probably  light  carburetted  hydrogen  gas.  The  salt  water  stands  in 
these  springs  two  or  three  feet  higher  than  the  level  of  fresh  water 
of  the  surrounding  river.  Some  of  these  lumps  form  islands  several 
acres  in  extent,  they  are  only  found  in  the  immediate  vicinity  of  the 
Gulf,  and  tbey  form  the  nucleus  for  shoals.  They  are  reduced  by 
violent  rain,  and  are  supposed  to  be  raised  by  pressure  of  gas  formed 
below  the  surface  by  the  decomposition  of  vegetable  matter,  the 
hollow  being  filled  up  with  mud.  The  surface  of  many  lumps  is 
covered  with  white  pure  salt,  evaporated  from  the  deposit  of  the 
springs  (see  p.  16,  Appendix  A). 

The  origin  of  these  lumps  is  thought  to  be  chemical  rather  than 
mechanical,  and  they  evidently  differ  from  mounds  formed  in  marsh 
ground  which  have  been  raised  by  tipping  ballast  near  it. 

It  is  recorded  that  during  the  Survey  of  the  Mississippi  bar  a 
lump  two  feet  high  was  discovered  in  the  Channel  which  had  arisen 
within  two  or  three  hours. 

On  the  more  probable  hypothesis  that  3  parts  in  100  of  the  whole 
material  denuded  are  deposited  on  the  Delta,  and  not  remoTcd 
again,  and  that  the  remaining  97  parts  are  caiTied  out  to  sea  before 
being  deposited,  then  the  extension  of  the  whole  Delta,  55  miles  (by 
means  of  fluviatile  deposit  alone),  into  the  Gulf  of  Mexico  would 
require  sufficient  time  to  effect  the  denudation  of  over  2,455,250 
square  miles  of  surface,  averaging  100  feet 

I  calculated  the  present  rate  of  denudation  of  this  area  in  1858, 

and  my  figures  have  been  recently  adopted  by  Mr.  Croll.     I  found 

thafc  the  denudation  v/as  gc>\iv^  ou  ^t  l\v^  rate  of  1  foot  in  1 0,000  yeaw 

in  the  above  area,  and  eA.  ^-\i\%  ^\j^  ^^  ^Q\il^x^Q^\\x^^?^5:5^  y.  100, 
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or  above  1,000,000  years  for  a  denudation  of  100  feet  under  present 
conditions,  or  138,393  years  on  the  hypothesis  of  a  Pluvial  Period. 

If  the  whole  area  of  the  Mississippi  basin  was  600  feet  higher  on 
the  average  above  the  sea  than  it  is  now,  and  gleu^ial  and  pluvial 
conditions  exerted  in  greater  force  (indicated  by  the  coarseness  7*3 
times  of  the  deposits),  the  rate  of  annual  denudation  would  also  be 
much  increased  and  the  time  shortened  in  proportion. 

It  certainly  appears  by  the  diagram,  made  from  soundings  in  the 
Gulf  of  Mexico  and  Biver  Mississippi,  that  modem  marine  strata,  600 
feet  or  more  in  thickness,  have  been  deposited  on  the  bottom  of  the  Gulf 
of  Mexico,  extending  over  some  thousand  square  miles.  I  say  modem, 
for  it  mtist  be  identical  in  age  with  the  Mississippi  Delta  deposit 

According  to  Humphreys  and  Abbot,  about  one-eighth  of  a  cubio 
mile  of  detritus  is  annually  transported  to  the  Gulf  of  Mexico  by  the 
Mississippi.  They  have  calculated  the  rate  of  progress  seaward  of 
the  river,  and  extension  of  the  Delta,  as  if  the  Delta  had  been  re- 
cently prolonged  all  along  its  outer  edge,  instead  of  at  a  mere  point 
Sir  G.  Lyell  has  also  dfawn  attention  to  the  narrowness  of  the 
present  deposit  near  the  passes.  It  is  dear  that  only  a  very  narrow 
tongue  of  land  has  been  pushed  out  into  the  gulf  by  the  river.  The, 
river  would  have  to  change  its  course  from  time  to  time  in  order  to 
posh  out  similar  tongues  of  land  round  the  Delta,  which  is  a  sector 
of  a  circle ;  and  it  would  take  evidently  above  30  times  as  long  to 
add  50  miles  all  round  the  Delta  as  it  has  taken  to  make  the  single 
strip  of  land,  which  contains  the  present  river  channel. 

There  is  also  great  probability  that  when  the  river  changed  its 
course,  the  previous  accumulation  might  be  removed  by  the  sea  and 
redeposited  near  the  new  channel. 

Messrs.  Humphreys  and  Abbot  only  consider  the  superficial  deposit 
as  belonging  to  the  river,  and  speak  of  this  exclusively  as  alluvium, 
and  as  totally  distinct  from  the  beds  of  clay  and  thick  sands  which 
occur  below  the  alluvium,  and  which  alluvium  proper  they  describe 
in  different  parts  of  the  basin  as  from  20  feet  to  60  feet  thick  at  the 
maximum.  There  seems  as  much  distinction  in  mineral  character 
between  the  alluvium  of  the  present  river  and  the  ancient  deposits 
below  it,  as  there  is  between  the  peat  and  alluvium  of  England  and 
the  gravels  below  them.^  This  indicates,  in  the  opinion  of  the 
author,  as  great  a  change  in  the  rainfall  and  climate  in  America  as 
in  England,  at  a  period  not  long  antecedent  to  the  true  historical 
period,  in  all  probability  in  the  proportion  of  20  inches  to  300  inches, 
or  even  a  still  higher  ratio. 

Sir  C.  Lyell  explains  the  occurrence  of  decayed  wood  and  of 
freshwater  and  estuarine  shells  as  far  below  the  surface  of  Deltas 
as  880  feet,  in  the  following  manner  (page  24:7,  vol.  ii.  second  visit, 
U.S.): — *♦  These  appearances  may  readily  be  accounted  for,  by 
assuming  there  was  a  gradual  subsidence  of  the  ground  for  ages, 
which  was  as  constantly  raised  by  the  accession  of  fluviatile  sediment, 
so  as  to  prevent  any  intrusion  of  the  sea.    Occasionally  there  were 

1  M.  Belgrand  has,  since  the  date  on  which  this  paper  was  written,  1868,  confirmed 
this  yiew  in  his  great  work  on  the  Seine. 
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By  knowing  the  direct  distance  from  any  point,  you  can  determine 
the  height  of  any  other  spot  correctly,  that  is  within  six  feet,  or,  by 
knowing  the  height,  you  can  find  the  distance  within  a  few  miles 
between  any  points. 

Thb  Volga. — For  a  great  part  of  its  coarse  of  2,000  miles  long, 
this  parabolic  curve  truly  represents  the  contour  of  the  8ur£Eu>e 
of  the  alluvial  plain  and  Delta  of  the  Volga.  The  Volga  rises  in 
a  lake  630  feet  above  the  level  of  the  Caspian  Sea. 

Mr.  Eyth,  who  has  superintended  irrigation  works  in  Egypt,  and 
IB  well  acquainted  practically  with  the  Delta  of  the  Nile,  considers 
that  the  sur£EU)e  of  the  Delta  is  a  mathematically  exact  curve,  and 
tiiinks  its  straightness  at  the  Delta  portion,  where  he  has  particularly 
observed  it,  makes  it  more  like  an  hyperbola  than  the  parabola  I 
suggested. 

The  engineers  in  the  Mississippi  Beport  treat  that  river  as  a  plain, 
but  their  own  table  of  the  changes  in  level  per  mile  in  passing  from 
Balize  to  St  Louis  proves  that  it  is  a  curve.     See  antt  page  489. 

The  flatness  of  the  Nile  cannot  be  greater  than  that  of  the  Missis- 
sippi, which,  according  to  Mr.  Meade  (Appendix  A.  xix,  Mississippi 
Beport),  is  If  feet  in  the  last  twelve  miles  of  its  course,  or  1}  inches 
to  the  mile  on  the  average. 

We  have  clear  indications  that  these  stratified  gravels  were  de- 
posited nnder  veiy  different  meteorological  and  physical  conditions 
from  any  we  now  meet  with.  We  have  found  evidence  of  littoral 
conditions  in  Delta  deposits  and  on  the  sea-bottom  down  to  the  100 
fathom  line,  wherever  examinations  have  been  made ;  these  are  only 
in  scattered  localities,  and  the  evidence  is  only  obtained  by  boring 
and  dredging. 

Such  littoral  deposits  as  we  have  been  considering  are  small  indeed 
compared  with  the  littoral  deposits  to  be  seen  in  the  Pacific  Ocean 
formed  by  coral  zoophytes  over  a  tract  of  5,000  miles  in  length.  It 
is  stated  that  many  species  of  these  zoophytes  would  be  destroyed 
by  immersion  under  water  only  a  few  fathoms  deep.  In  ordinary 
cases  reef-building  polyps  do  not  flourish  at  greater  depths  than 
20  to  30  fathoms.  (Page  86,  Darwin's  Geological  Observations.) 
Exposure  to  air  for  a  few  hours  at  the  surface  of  the  sea  is  also  fatal 
to  Uieir  existence.  Mr.  Darwin  writes,  "  With  respect  to  subsidence, 
I  have  shown  in  the  last  chapter  that  we  cannot  expect  to  obtain  in 
countries  inhabited  by  semi-civilized  races  demonstrative  proofs  of  a 
movement  which  invariably  tends  to  conceal  its  own  evidence." 
(Page  127,  Darwin's  Geological  Observations,  1851.)  It  was  from 
this  difficulty  of  absolutely  proving  subsidences  of  sea-bottoms  that 
Mr.  Darwin  considered  he  had  exhausted  every  demonstrable  course 
before  he  adopted  the  theory  of  subsidence  to  explain  the  formation 
of  the  coral  islands  of  the  Pacific.  At  page  147  he  speaks  of  sub- 
sidences as  *'  the  one  alternative." 

In  the  South  Sea  Islands  every  stranded  root  of  a  tree  was 
eixamined  for  the  hard  stones  attached  to  it.^     It    is   therefore 

^  According  to  the  accounts  of  early  trayeUers. 
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possible  that  pieces  of  rock,  with  living  coral  attached  to  sea-weed  or 
wood,  might  bo  thus  floated  from  one  island  to  another,  etc.  Also  the 
fundamental  rocks,  on  which  the  coral  reefs  are  attaclied,  may  hxf9 
been  of  such  a  friable  character  as  not  to  be  able  to  stand  above  the 
level  of  the  sea.  Some  such  conditions  may  have  prevailed  in  the 
Carboniferous  epoch.  We  have  no  modem  instance  of  such  rocks, 
neither  have  we  evidence  in  former  periods  of  any  coral  deposit  of 
the  form  and  dimensions  of  the  Pacific  Islands.  Modem  peat  is  not 
a  type  of  Coal.  Greologists  assume  too  much  when  they  relv  on  d» 
analogy  of  modem  conditions  being  a  complete  key  to  the  knowledge 
of  former  conditions  on  the  earth.     Nor  is  the  reverse  true. 

There  are  fourteen  cases  of  elevation  recorded  by  Mr.  Darwin 
varj'ing  from  20  to  30  feet  above  the  sea-level  to  a  maximum  of 
300  feet.  Very  few  of  these  instances  have  been  examined  by  any 
geologist.  There  is,  therefore,  no  means  of  measuring  the  thickness 
of  the  upheaved  coral  deposits  by  sections  beyond  300  feet,  as  then 
are  no  known  cases  of  elevation  beyond  that  limit  of  thickness. 

Mr.  Darwin  writes,  p.  146,  Geological  Observations,  1851.    In 
the  4th  chapter  the  growing  powers  of  the  reef-constructing  polyps 
were  discussed,  and  it  was  shown  that  they  cannot  flourish  beyond 
a  very  limited  depth.     "  In  accordance  with  this  limit  there  is  no 
difiiculty  respecting  the  foundations  on  which  fringing  reefs  are 
based ;  whereas  with  barrier  reefs  and  atolls  there  is  a  great  apparent 
difficulty  on  this  head :    in  barrier  reefs,  from  the  improbability'  of 
the  rock  of  the  coast,  or  of  banks  of  sediment,  extencling  in  everv 
instance  so  far  seaward  witliin  tlie  required  depth;  and  in  atolls  from 
the  immensity  of  the  spaces  over  which  tliey  were  interspersed,  and 
the  apparent  necessity  for  believing  that  they  are  all  6uj>i)orted  on 
mountain  summits,  which,  although  rising  very  near  to  the  surface 
level  of  the  sea,  in  no  one  instance  emerge  above  it.     To  escape  this 
most  improbable  admission,  which  implies  the  existence  of  submarine 
chains  of  mountains  of  almost  the  same  height,  extending  over  areas 
of  many  thousand  square  miles,  there  is  but  one  alt<?mative,  namely, 
the  prolonged  subsidence  of  the  foundations  on  which  the  atolls  were 
primarily  based  together,  with  the  upward  growth  of  the  reef-con- 
strncting  corals.     On  this  view  ever}'  difficulty  vanishes.      Fringing 
reefs  are  thus  converted  into  barrier  reefs,  and  barrier  reefs,  when 
encircling  islands,  are  thus  converted  into  atolls  the  instant  the  last 
pinnacle  of  land  sinks  beneath  the  surface  of  the  ocean." 

The  maximum  depth  of  the  coral  lagoons  is  GO  fathoms,  either  in 
lagoons  or  between  the  shore  and  barrier  reefs.  In  dredging  outside 
coral  reefs  you  have  a  sandy  bottom,  and  not  a  coral  bottom,  at 
greater  depths  than  60  fathoms,  and  not  often  deeper  than  20  or  30 
fathoms,  llien  comes  a  very  steep  descent  to  very  great  depths, 
almost  close  to  the  coral  islands. 

Mr.  Darwin  and  Sir  H.  T.  De  la  Beche  differ  on  the  important 
point  of  there  being  no  existing  case  of  a  sea-bottom  of  lar^^e  extent 
sufficiently  shallow  to  form  a  base  for  coralline  zooi)hytes  to  work 
on.     The  following  extract  is  most  clear  on  this  point : — 
I.  De  la  Bechc  writes,  Geological  Observations,  p.  227,  1851 — "As 
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regards  inequalities  of  sea-bottom,  if  tlie  Qreat  Bank  of  Newfound- 
land were  in  coral  regions,  and  were  eloTated  from  its  present 
relative  level,  so  that  its  broad  platform  with  its  common  depth  of 
40  to  50  fathoms  were  raised  about  20  fathoms,  by  which  coral  reefs 
making  germs  could  £Lz  and  develope  themselves  under  fitting  condi- 
tions, we  should  have  an  area  of  between  35,000  to  40,000  square 
miles,  around  the  irregular  margin  of  which  there  would  be  condi- 
tions  for  an  extended  border  of  coral  reefs :  the  sea  round  the  margin 
would  often  be  suddenly  deep.  Soundings  up  to  149  fathoms  are 
found  close  to  the  south-eastern  side  of  the  bank." 

Supposing  that  the  sea-bottom  in  the  Pacific  was  originally  of 
similar  heights  to  Sir  H.  T.  De  la  Beche's  case  of  the  Newfoundland 
Banks,  then  applying  our  hypothesis  of  the  fall  of  600  feet  in  the 
sea-level  during  the  Glacial  Period,  supposing  that  period  to  have 
continued  138,000  years,  we  should  have  a  sufficient  period  and  also 
a  gradual  change  of  conditions  and  level  of  sea  so  as  to  be  most 
favourable  to  the  growth  of  coral  banks. 

As  far  as  the  limit  of  600  feet — which  is  a  greater  depth  than  we 
are  certain  coral  ever  reaches  below  the  surface  of  the  sea — the 
theory  of  a  fall  in  the  sea-level  appears  to  explain  the  difficulties  of 
the  subject,  as  well  as  that  of  gradual  subsidence  and  elevation. 
Having  now  hastily  reviewed  some  of  the  more  important  littoral 
deposits  that  might  have  been  formed  in  the  last  138,000  (?)  years,  and 
having  found  that  there  are  no  greater  difficulties  presented  by  the 
hypothesis  of  a  change  in  the  sea-level  than  occurs  with  the  theory 
of  subsidence  of  the  sea-bottom,  I  will  add  a  few  remarks  on  the 
growing  importance  of  the  Glacial  Period  geographically  considered. 

With  regard  to  the  importance  of  the  Glacial  Period,  rrof.  Agassiz 
long  since  wrote :  — "  The  British  Islands,  Sweden,  Norway  and 
Bussia,  Germany  and  France,  the  mountainous  regions  of  the  Tyrol 
and  Switzerland,  down  to  the  happy  fields  of  Italy,  together  with  the 
Continent  of  Northern  Asia,  formed  undoubtedly  but  one  ice-field, 
whose  southern  limits  investigation  has  not  yet  determined.  The 
polar  ice,  which  at  the  present  day  covers  the  miserable  regions  of 
Spitzbergen,  Greenland,  and  Siberia,  extended  far  into  the  temperate 
zones  of  both  hemispheres,  leaving  probably  but  a  broader  or  nar- 
rower belt  around  the  equator,  upon  which  there  were  constantly 
developed  aqueous  vapours  which  again  condensed  at  the  poles." 

Time  has  not  modified  Agassiz's  views  of  the  importance  of  ice 
action,  for  he  writes,  p.  424,  Journey  in  Brazil,  1868,  after  applying 
the  theory  of  ice  action  to  the  formation  of  immense  beds  of  drift  in 
the  valley  of  the  Amazon,  near  the  Equator,  and  the  level  of  the  sea : — 
**1  am  aware  that  this  suggestion  will  appear  extravagant.  But 
is  it  after  all  so  improbable,  that  when  Central  Europe  was  covered 
with  ice  thousands  of  feet  tbick — when  the  glaciers  of  Great  Britain 
ploughed  into  the  sea,  and  when  those  of  the  Swiss  mountains  had 
ten  times  their  present  altitude,  and  Northern  Italy  was  filled  with 
ice,  and  these  frozen  masses  extended  into  Northern  Africa ;  when  a 
sheet  of  ice  reaching  nearly  to  the  summit  of  Mount  Washington,  in 
the  White  Mountains  (that  is  having  a  thickneaa  of  n^^jdxV^  ^^^Rf^ 
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Jbei) ,  moTtd  orw  die  OontiiMiit  oT  Nortli  Amarioa  !■  ft  id 
dtde  fhat  in  this  epoch  of  unWwml  oold,  the  mdDby  of  ^Oem 
alio  had  its  glacier^  poured  down  faito  it  from  liia  ammimdiliwi  rf 
now  in  fhe  Ootduleia,  and  awdlen  latenlly  1^  Oa  tiMl9 
(^acien  deecending  from  the  taUe  laada  of  Bnialt^ 

After  thiB,  Oeoar  Fiiae*a  aoooont  of  the  ramaimi  of  irae 
morainei  on  Mount  Sinaiy  at  a  height  of  700  fcei  oiilj 
■ea-IoTelt  doea  not  aeem  ao  aatoonding  aa  it  veaUy  la. 

Prof:  Forbea  writea  of  the  glacial  aea  (p.  888,  tqL  L,  IL 
Survey,  1843) :— "An arotio  aea  inhabiled by*  limifted  «id 
jhuna  "  (I  preanme  Pro£  Forbea  intended  to  vaatriofe  tlia 

of  the  &nna  to  the  lonea  of  equal  depth  and  tempeomliiva),  ^c . 

from  the  then  western  ooasta  of  Siberia  into  Ilia  liaait  of  XsA 
America,  and  aouthwarda  in  Europe  to  the  pandlel  of  Ike  8m0% 
and  in  America  to  that  of  the  Ohiow*' 

Prof.  W.  W.  Smyih  quotea  an  eatimate  of  the  tenmnftnva  ef  li 
anmmer  montha,  of  the  space  now  ooci^ied  by  Vwijfln^  Ib  %k 
Glacial  Period  at  126<' F.  The  anther  oalcidatea  thatadecntfitf 
W  Fahr.  in  the  mean  temperature  of  the  ooeaa  would  redaBttli 
level  of  the  aea  160  ft,  while  a  dqKMit  of  anew  or  ioe  IfOOM 
thick  in  an  area  of  land  one-tenth  of  that  of  the  aea  wooUalao^ 
duoe  the  level  of  the  sea  160  feet 

APPENDIX. 

Note  on  the  Aeory  of  a  ''FlaTial  Period,"  p.  4B6.— [Mr.  Pkwtvioh  in  all  biivril^ 
has  attribated  the  valley  gravels  to  floods  caused  by  sodden  melting  of  ioe  and  iMf 
under  the  maximum  rainfdl  now  met  with  in  similar  localitiee.  There  is  no  tnee  la  Ui 
works  of  the  idea  of  a  Pluvial  Period  until  1872.  The  areraffe  rainlUI  in  aone  pirii 
of  Great  Britain  being  five  times  that  falling  in  other  parts,  Mr.  Preatwieh  hai  tafai 
the  higher  figure  for  his  British  Gravel  Period,  just  as  Sir  O.  LtoU  reian  ta  thi 

greatest  eruption  in  modem  times  as  a  gnage  for  al)  previous  ones  that  have  oeennid. 
oth  Mr.  Prestwich  and  Sir  C.  Lyell  consider  present  meteorological  conditieniai 
the  test  for  those  that  previously  existed.  The  writer,  on  the  contrary,  inftn  Ai 
amount  of  rain  causing  the  Quaternary  deposits  from  the  coarseness  and  poaiticBcil  Ai 
mvcl  deposits  themselves.  Both  plans  may  be  useful  in  endeavouring  to  isuilw 
the  truth  about  a  very  difficult  question.  Mr.  Prestwich  has,  in  his  address  of  1871 
quoted  M.  Belerand,  1870,  for  a  20  or  25-rold  rain&ll  in  the  Quaternary  Period,  nl 
given  his  qualified  assent  to  the  idea  of  a  Wet  or  Pluvial  Period ;  bnt  be  has  not  foAnsd 
either  to  A.  Tylor's  paper  in  1853,  in  which  he  first  proposed  the  hypothesis   '      ' 


times  the  present  average  rainfall  and  deposit,  or  to  page  63,  voL  xxv.  Qnail  Jovn^ 
where  A.  Tyler  calculated  the  volume  of  water  in  the  Gravel  Period  as  1 26  tiniea  M 
at  the  present  time.  At  page  9,  same  vol.,  A.  Tylor  writes  of  300  inches  of  niB  it 
the  sea-level  in  the  Quaternary  Period.  In  the  text  of  the  paper,  read  Nofembo^ 
1868,  and  now  published  in  the  Geolooigax  Maoazivb,  this  anbjoet  »  traaiad  it 

frcater  length.    The  term  Pluvial  Period  was  first  used,  page  105,  toL  xziv.  QhbI 
oum.,  1868,  in  a  paper  by  the  writer,  and  the  term  has  oeen  since  used  by  Pkof.  T. 
R.  Jones,  Prof.  Dawson,  and  other  writers.    Mr.  Prestwich  never  contemplated  IB| 

feneral  excess  of  rainfall  above  what  is  known  at  the  present  time,  ana  tbcrelHt 
iffered  from  the  author,  who  made  an  hynothesis  of  a  general  rainfall  on  the  ^okt 
many  times  more  than  at  present  in  1852.  Mr.  Prestwich  opposed  every  view  hroqgkt 
forward  by  the  author  in  1852,  and  also  in  1868  and  1869.]-— Aug.  1872,  A.  T. 

Note  on  **  £levations,'*  pp.  397  and  399.— [The  marine  shells  at  Moel  Tryftanandil 
Coalbrook  Dale  at  such  (ufferent  levels  indioate  a  very  unequal  elevation  of  part  ef 
England  and  Wales.  The  hyiM>thesis  of  a  change  of  sea-level  acconnts  fbr  a  very  evci 
change  of  position  of  land  and  water  over  lam  areaa,  totally  differing  from  anythiig 
that  could  be  produced  by  elevations  or  subsi£hces,  which  are  always  accompamadbf 
'*Tures  and  uneven  movement  of  strata.] — A.  T.  Aug.  1872. 
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^  Koto  on  pp.  893  and  492. — [The  anthor  haa  aent  ftdl  particiilan  of  the  slope  of  the 
Hknasippi,  Gan^,.Rhine,and  Indua,  to  the  InstitutioQ  of  Ci?!!  Engineen,  Feb.,  1872.1 
,  Note  on  page  897.— [The  author  cannot  find  anj  oTidence  whateTer  aa  to  the  real 
iMncter  of  the  rocks  below  the  aorface  of  the  Pacific  in  the  works  of  any  geologist. 
Et  ia  qnite  an  assumptiony  unsupported  by  any  evidence,  to  state  tiiat  they  are  formed 
ft  recent  coral  to  eonsiikrable  depths.  It  seems  probable  that  reef-building  coral 
iBcphytes  must  have  lived  at  much  greater  deptha  than  has  been  supposed,  or  they 
XHUd  not  have  passed  from  one  island  to>  another,  as  they  must  have  done  to  spread 
irer  such  a  mass  of  islands  separated  by  seas  of  enormous  depth.  The  low  tempera- 
mn  of  our  atmosphere  and  of  the  Atlantic  at  great  depths  is  probably  a  suryiyal  or  a 
vault  of  the  Glacial  period.  In  a  warm  period  coral  ao<^hytes  might  live  at  very 
preat  depths^  as  they  are  said  to  do  in  the  Red  Sea  now.  The  supposition  of 
umeiiBe  continuous  periods  of  subsidence,,  without  a  counterbalancing  etcTation,  is 
[gBtnat  the  principle  of  the  conserration  of  force.  There  is  no  direct  eridence  of 
irmr  eleyation  or  eten  subsidence  over  any  area  of  more  than  a  few  miles  recorded 
tt  the  writinga  of  geologists.  The  strata  are  always  curved  where  there  ia  direct 
rvidrace  of  deration  or  subsidence.] — ^A.T.  Aug.  1872. 

Vote  on  page  495. — [It  requires  further  examination.  In  the  Nile  valley  there 
■•  now  no  constantly  flowing  tributariea,  but  there  are  immense  side  valleys,  which 
mat  have  been  Ml  of  water  u  the  Pluvial  Period.] 

Note  on  the  Glacial  Period. — [The  geological  teacher  who  takes  his  pupils  on  the 
Md  has  a  difficult  task.  Every  valley  almoat  that  he  oan  findia  a  case  of  pluvial 
nd  fluvial  action,  the  evidence  of  ice  action  being  rare  in  many  districts.  Yet  the 
Meber  has  to  teach  the  existence  of  the  Glacial  period  by  what  is  really  the  evi- 
knee  of  a  Pluvial  period.] 

[The  author  has  publisned  this  paper  as  read,  with  some  slight  alterations.  He 
hinks  it  alludes  to  some  points  which  should  be  more  carefully  oonsidared  by  geologista 
ium  they  have  hitherto  wen.  Fi^  2,  Plate  XI^  haa  been  corrected  as  to  heights  from 
ht  drawmg  exMbited  in  1868.  Fie.  3,  Plate  XI.,  is  altogether  new,  and  ia  inserted  as 
leoeasary  to  explain  Fig.  2  and  ue  position  of  the  Dour  river  reifexred  to,  in  1868, 
I.  396.  Fig.  4,  Plate  XI.,  refers  to  the  Binomial  Curves  spoken  of  in  1868,  but  not 
bawn,  see  note,  p.  486.)— A.T.,  Aug,.  1872. 

>•*  The  following  note  should  have  appeared  on  page  S96,  after  Une  19  from  bottom :— The 


MHnparanTely  imaii.  Tne  presenoe  or  a  uun  Dana  or  day  m  a  position  in  wmcn  it  could  slip, 
light  and  hu  undermined  and  caused  the  denudation  of  strata  thouaands  of  feet  thiok  in  the 
IFealden  area. 

EXPLANATION  OF  PLATE  XI. 

ffOTB  BT  MM.   DbOOUS^E  AND  LauRENT,  IN  EXPLANATION   OF  FlO.  1,  PlATE  XI. 

The  soil  of  Venice  is  only  one  metre  above  the  high-water  mark  of  the  Adriatic. 
Host  of  the  ground  has  been  recovered  from  the  deposit  of  alluvium  which  we  have 
B^ored  at  twenty  different  points. 

The  first  and  the  last  beds  of  this  deposit,  of  which  the  thickness  is  not  less  than 
.72  metres  by  the  well-boring  of  the  Ca  di  Dio,  present  a  great  similarity  throughout, 
fl'evertheless,  the  first  beds  contain  shells  generally  all  of  marine  species,  together 
fith  fragments  of  human  industry. 

The  lower  beds  contain  fiuviatile  shells,  intermixed  more  and  more  with  marine  shells. 

The  sands  predominate  towards  the  inferior  part,  and  are  frequentiy  mixed  with 
h^ments  of  ugnite  disseminated  throi^h  their  mass.  In  the  middle  and  upper  parts 
heee  lignites  occur  in  thin  bands,  and  in  beds  alternating  with  clays  or  sands.  Mica, 
reErr  abundant  in  the  lower  part,  is  less  so  at  the  commencement  or  the  deposit. 

One  may  say  that  the  beds  of  this  deposit  are  almost  horizontal  throughout  the  area 
irhich  we  have  explored.  Thus,  the  two  great  lines  whidi  intervene  between  the 
toandinzs  are — 1st,  of  Guidecca  to  S.  Francesco  della  Yi^^na,  about  two  kilometres ; 
Ind,  of  Malghera  to  S.  Servolo,  about  ten  kilometres;  it  was  to  this  last  that  we 
'eferred  in  our  remark  that  it  did  not  present  any  very  great  slope. 

One  would  almost  think  the  Venetians  dreaded  the  scarcity  of  water,  in  the  event 
>f  blockade,  when  one  notices  that  everywhere  there  is  abundance  of  spring  water 
lear  the  surface. 

At  Sta.  Maria  Formosa  one  finds  five  water-bearing  beds,  of  which  the  first  is  at  a 
lepth  of  2*50  metres.    At  St.  Leonardo  the  water  is  found  jetting  up,  at  a  depth  of 
twenty-four  metres.     If  at  other  points  these  different  priuci^m  «»^ax^M%  «x^  ^tjw 
iidicated,  it  is  because  they  were  of  no  importance,  ox  were  paaiBi^\^'^ux^<c^Mier«^\'^9Q&b 
t  h probable  that  almoat  all  these  existed  higher  or  lowox. 
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Two  principal  bo<is  illustrate  the  ricbncsft  of  these  water-bearing  allarial  deMsa 
Till!  tirst,  at  fortv-four  to  filYy-five  metres,  is  so  charged  with  gas.  that  at  some  pjuia 
tho  I'xpaiidion  of  thu  carbuntttcd  hydrogen  |^  projects  the  earthy  matter  (fivu  tM 
bore-hole)  to  a  heififht  of  twelve  metres.  Ir'  a  light  is  presented  »i't  the  urii^v  o:  ti* 
boring  from  which  the  gas  escapes,  an  explosion  follows,  and  the  gas  L^>ntiuLK  ti 
bum.  The  second  water-bearing  bed  lies  at  an  even  depth  of  sixty  metrc« :  it  is  vi 
sii  clinrged  with  gas  as  the  first,  and  the  water  flows  from  it  constantly  and  vithfr^i: 
n^gularity ;  it  is  found  ever^'where,  but  occasionally  the  pressure  of  the  water  TuiOi 

In  I860,  these  borings  yi'ulded  1^029  litres  of  water  per  minute. 

Deoous^b  et  LAOLzyi. 

Plate  XI.,  Fio.  2. — Soetion  along  a  line  of  eight  miles  from  Folkestone  to  D«jta 
pa-cHiii^  by  the  Holywell  Spring  B'  B",  thence  to  the  watershed  W  on  the  vetf  tf 
tlio  Su<?arloaf  Hill  ^a  marked  feature  of  the  escarpment  of  the  South  Downs),  i^^et 
by  Alkharn  to  the  villajre  of  River  and  to  Dover.  Sw  V  V  V".  Sugarloaf  EO 
projects  a  little  beyond  the  line  of  the  main  escarpment  of  the  Chalk,  bat  cci  a 
nnioli  as  Beechborough  Hill  near  Cheriton,  which  has  almost  the  appear&mre  of  i 
tumulus.  There  is  a  line  of  springs  and  brooks  along  the  whole  escarpmeui:  !■& 
the  lovil  of  the  springs  gradually  falls  as  it  approaches  the  sea,  or  one  of  the  We^l^ 
Rivers.  The  level  of  the  escape  water  is  reduced  thus,  from  180  feet  at  Ckr^rr 
Giirdens  to  140  feet  at  Hoh-well,  about  half  a  mile,  at  Lydden  Spout,  three  miki 
ftirthiT  immediately  on  the  coast  the  water  escapes  not  far  from  high-water  maiL 
The  Springs  above  River,  five  miles  from  Holywell,  are  at  a  level  of  112  feet  al»'4 


lar^e  bourne  at  Drillincourt  (Fig.  2),  making  a  temporary  river. 

1'late  XL,  Fio.  3  represents  the  alternations  of  coombs  and  headlands  aIon<r  ib 
vnlli  Y  and  hill  separating  Folkestone  and  Dover,  or  along  the  escarpment  of  the  Dow. 
Til  is  is  only  a  diaj^am  and  it  does  n«)t  attempt  to  describe  any  local  fearuns.  It  is 
drawn  to  show  the  manner  in  which  all  headland.s  and  coombs  alternate  in  tvc7 
valh.'V  or  escarpment,  and  along  all  lints  of  coast  secti(»u,  more  or  less  5\Tiiiii«'rrioaliy. 
Tin:  Springs  S'  S"  S'"  rise  near  the  Watershed  W  W"  in  sevenil  p-jiii:.-.  cii 
tlnii  collect  in  one  channel,  flowing  into  the  cross  stream  at  the  lx»ttura  "-f  tie 
Valley  V  V"  V',  always  joining  it  in  a  single  stream  at  an  acute  angle.  Tin  cppe: 
t^Miiiinations  are  often  tritid.  The  diflerent  distances  from  t\\v  wattrshid.*,  tbt 
flnxures  in  the  impervious  and  pervious  beds  atfect  the  quantity  dii^-harifiHl  from  caci 
hidt;  stream  S'  S",  and  introduce  local  cliiinges  in  their  relative  posit iim^  acii  m.iini- 
tudis  alftcting  the  sizes  and  distances  (»f  the  headhmiis.  In  a  map  of  C'nrri-.  bj 
Capt.  Spratt,  the  disUinees  of  the  side  streams  from  e;ich  other  are  surprisir.:;Ir 
rejj:ular.  Fig.  3  shows  the  form  of  denudation  in  binomial  curves  (pujre  (i}.  wUicL 
goM-rn  the  general  shape  of  all  headlands  an<l  coombs,  hills  and  vallevs;  the  h;ir»i  ur 
Kut't  beds  or  clays  also  arf'ect  the  stability  of  all  stnita.  and  pnxluce  dc\nations  t"n.'ni  th? 
tnu-  binomial  curve  of  denudation  wliich  are  not  atti-mpted  to  be  reprostntt-d.  T\i< 
liiif  13'  H"  H"  in  Fig.  2  would  ropresont  the  transverse  section  of  the  headhiiiJ!!  aul 
coombs  in  Fig.  3.  The  remains  of  watercourses  of  the  Pluvial  Period  are  le>>  risible 
on  chalk  escarpments  than  on  any  others,  but  in  chalk  valleys  they  can  be  tnn'iTL 

Plati:  XI.,  Fio.  4  is  a  drawang  of  one  of  the  inlinite  numbers  i)f  binomial  currwd* 
diinrtiit  powers  and  lengths  that  may  be  describeil.  The  basr  is  dividt'd  into  i..^uil 
portions  or  absoissa\  and  the  ordinates  are  to  scale,  their  lengths  eorrispoiidiiiir  t' 
the  co-eflicient*  of  {a-\-by^.  This  form  of  curve  was  applied  by  Quet«h't  to  rvpri- 
si-nt  the  variations  of  lengths  and  numbers  to  illustrate  certain  stati-^tioal  n?u!i>; 
but  the  writer  believes  he  was  the  iirst  to  indicate  that  actual  accumulations  us  wtil 
as  removals  and  elevations  of  niat4!rials  forming  the  earth's  surface,  actu.iliv  as^umii 
a  lorni  which  could  be  reprostMited  by  binomial  curves.  He  h;is  uu-aMired  Uact^s. 
tiiMires,  as  well  as  surfaces  of  vallevs  and  hills,  denudc-d  bv  water,  and  fouiiil  ibe^J 
coincide  nearly  with  binomial  curves.  'J'he  binomial  might  be  called  the  ge«d»«i:ical  ^* 
phy.>i"graj)hical  curve,  or  the  curve  of  denudation,  or  deposit,  so  markinl  is  it  iu 
nature.  It  is  essentially  the  heap  curve.  Everything  heaped  up,  whether  water  in 
waves,  or  solids,  like  hay  when  heaped  up,  follow  this  curve.  One  of  ihi  priniipJ 
characteristics  of  all  binomial  curves  is  that  the  upper  part  is  convex,  and  th.-  l«»vtT 
C'Ticave.  The  curve.  o(  v\  sVvvjaiw  wm\iv<iwc\w^  «l^v\.  watershe<i  begins  at  0,  f.>Uowiiig  i 
coiwQj.  coutdC,  and  gtaduaM^'  ^iv.'<io\li^  «i\fct^«  Ww^^  ^^  t&^^j^^  ^-tUaiL,  then 
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gndnally  flattens,  following  however  a  concave  line ;  and  when  it  enters  a  riyer, 
which  has  become  navigable,  passes  into  a  p^bola.  In  Fig.  3  the  convex  part  is 
marked  Hill  H  H;  and  the  concave  part,  Valley,  Y  V;  and  tiie  convex  or 
eoncave  form  of  the  surftce  enables  ns  to  oivide  a  hill  from  a  valley  broadly.  A  new 
definition  of  a  hill  might  be  land  situated  above  a  valley  having  a  convex  form  or 
surfiEuse,  and  that  of  a  vallev  might  be  land  situated  below  a  hill,  and  concave  in  form. 
^  The  different  powers  of  \a  -4--  b)  require  a  different  number  of  divisions  of  the  base 
fine  of  the  curve  as  well  as  different  co-efficients,  thus  giving  great  variety  to  this 
fonn  of  the  curve,  while  still  preserving  the  feature  of  convexity  aod  concavity 
pointed  out.  Hard  rocks,  or  alternations  of  hard  and  soft,  produce  considerable 
deviations.  No  curve  could  be  general  in  nature  without  great  flexibility  and  variety, 
and  the  author  thinks  that  Hogarth,  who  first  tried  to  represent  natural  forms  £y 
particular  curves,  would  have  chosen  the  binomial  as  the  line  of  grace^  had  he  been 
aware  of  its  properties. 

The  curves  Hogarth  has  drawn  have  little  variety,  and  therefore  do  not  represent 
nature.  Hard  rocks  do  not  always  put  on  rugged  features  or  outiines,  they  are 
sometimes  denuded  into  smooth  curves.  In  passing  over  the  most  varied  formations, 
hills  of  identical  contour  but  of  different  materials  may  be  seen.  The  harder  rocks 
have  g^reater  stability,  and  therefore  are  alto^ther  larger,  and  stand  up  h^her.  May 
Hill  and  Shooters  Hill,  for  instance,  differ  in  size,  but  not  in  contour.  No  one  can 
tell  in  all  cases  the  formation  from,  the  surface  alone.  Tou  may  be  certain  that  you 
are  not  looking  at  clay,  but  rock  may  put  on  various  forms. 

m. — On  some  New  Speoies  of  Gbaptoutbs  from  the  South  of 

Scotland. 

By  John  Hopkinson,  F.G.B.,  FJLM.8. 

(PLATE  XII.) 

rtliis  cotntnunication  I  purpose  describing  a  few  new  forms  of 
Graptolites  which  I  have  obtained  at  rarious  times  from  the 
Xilandeilo  rocks  of  the  south  of  Scotland.  Of  one  species,  first  col- 
lected at  Moffat  in  1866,  a  brief  diagnosis  has  previously  been  given, 
and  the  names  of  two  others,  from  the  lead-mining  district  of 
Lanarkshire,  have  already  been  published.  One  of  these  also  occurs 
near  Moffat.  The  remaining  species  are  all  from  one  or  other  of 
these  richly  fossiliferous  districts.  Of  their  position  in  the  geological 
series  I  need  only  say  here  that  the  black,  more  or  less  carbonaceous, 
Bhale  in  which  they  occur,  appears,  from  the  fossils  it  contains,  to 
correspond  to  the  higher  portion  of  the  Llandeilo  flags  of  Wales; 
that  it  is  almost  immediately  succeeded  by  a  series  of  beds  (the  Gala 
group)  containing  fossils  of  Caradoo  or  Bala  age ;  and  that  the  un- 
fossiliferous  flagstone,  or  greywacke,  in  which  it  occurs,  reposes  on 
rocks  which  have  yielded  to  the  persevering  search  of  Prof.  Elliot 
and  Messrs.  Lapworth  and  Wilson  a  few  fossils  of  Cambrian  age. 

The  Lanarkshire  graptolitic  shale  is  considered  by  Prof.  Geikie 
to  form  "an  upper  part  of  the  Moffat  group,"*  but  while  decisive 
stradgraphical  evidence  is  wanting,  from  the  evidence  afforded  by 
the  fossils  it  seems  more  probable  that  but  one  band  of  graptolitic 
shale  runs  through  the  Llandeilo  rocks  of  the  south  of  Scotland, 
there  being  in  this  band  several  distinct  zones,  each  marked  by  a 
different  assemblage  of  fossils,  but  with  many  species  in  common. 

Several  of  these  new  species  were  collected  in  the  course  of  a  few 
days'  walking  tour  in  these  districts,  during  part  of  which  I  had 
the  advantage  of  the  company  of  Mr.  Chas.  Lapworth,  of  Galashiels, 

*  Brit.  Assoc.  Beport  for  1871,  Sec^otu^  ^.  ^^. 
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who  has  recently  added  greatly  to  our  knowledge  of  the  suooession 
of  the  Cambrian  and  Silurian  rocks  of  these  southerm  uplaadfi  of 
Scotland,  and  who,  I  believe,  will  soon  add  several  additioiial.  species  to 
those  here  described.  The  first  two  species  desoribed  do  not  belong  to 
the  Graptolitid®  proper,  bat  are  here  included  as  nearly  allied  forms. 

Class,  Hydrozoa. 
Order,  Htdbotda.     Sub-order,  Atheoata  ?     Family,  OoaTNOiDii. 

1.  Corynoides  greLcilUj  sp.  nov. — PL  XII.,  Fig.  1. 

Polypary  from  about  five-eighths  to  three-quarters  of  an  inch  in 
length,  and  about  l-50th  of  an  inch  in  average  breadth,  gradosllj 
expanding  from  the  proximal  to  the  distal  end,  where  there  is  a 
slight  bulbous  expansion  terminating  in  short  acutely-pointed  teeth. 

Commencing  with  two  slender  radicular  processes  which  lie  so 
close  together  that  they  are  scarcely  individually  perceptible,  the 
polypary,  liere  not  1- 100th  of  an  inch  in  breadth,  gradually  eiilaij;es 
until  a  breadth  of  nearly  l-30th  of  an  inch  is  attained.  Up  to  this 
point  the  margins  of  the  polypary  are  alnKMst  perfectly  straight,  bat 
here  there  is  a  slight  enlargement,  which,  in  C  calicularis  (Nich.), 
has  been  described  as  a  ''  cup-like  hydrotheca."  This  portion  of  the 
polypary  is  about  l-20th  of  an  inch  in  length,  and  scarcely  l-20tL 
in  breadth  at  its  widest  part  It  is  convex  in  form,  and  terminates 
distally  in  about  five  acutely-pointed  teeth,  which  at  first  sight 
appear  to  form  tlie  greater  part  of  this  so-called  hydrotheca.  But 
this  appearance  is  caused  by  several  fibres,  somewhat  resembling 
tho  virgula  of  the  typical  graptolites,  which  traverse  the  polypan* 
tlir(>ughout  its  length,  and  form  the  extreme  distal  termination  of 
each  of  these  segments,  which  are  really  connected  together  to 
within  a  very  short  distance  of  their  apices.  These  fibre-s,  whatever 
their  nature  may  be,  apparently  form  a  framework  which  supports 
tlie  less  rigid  and  more  membranous  portion  of  tho  polypary,  as 
tho  frame  of  an  umbrella  supports  its  cover. 

ThiM  species  ditiers  from  C.  calieularis,  the  only  OBe  hitherto  deficribed,  in  it-^ 
greater  Icn^'^th  and  tenuity,  and  in  the  forni  of  its  expanded  portion. 

The  systematic  position  of  the  gpnus  CoryuoMes  is  very  doubtful.  Prof.  Xichol^oc, 
its  oriirinal  describer,  considers  it  to  bo  "closely  analogous  to  the  0>ry«i>f<r  or 
TuhuJaruhv  of  our  own  scjw,  especially  resemblimi^  such  forma  as  CorymnMrph*^  in 
wliich  there  is  but  a  sintjle  polypitc  It  cannot,  however,"  he  adds,  **!>€■  considerftl 
to  be  u]>solutely  refrrable  to  the  Coryuida^  since  no  known  Corjiiid  exis'ts  as  an 
ind'pciident  or  free-Uoating  orj^uuism,  such  as  Corynoidcs  seems  un(k»iibtcdlv  to  have 
be(-n."i 

Whatever  its  mode  of  existence  may  have  been,  Corynoides  could  not  belong  to  ib^ 
Corymdie,  or  Athecata,  if  it  pohsessed  a  true  hydrotheca.  In  some  of  the  Athecau, 
liowtvi;r,  the  polypites  are  partially,  and  in  one  species  at  least,  wholly  retractile  into 
the  distal  extremity  of  the  ix)h'pary.  I  refer  to  such  forms  as  Atraetylis  arcn'tM^  anJ 
H«;v(  ral  species  of  Perigonimuft.  The  polypitc  of  Corynoidts  has  very  probablv  been 
Hiniilurly  retractile,  and  as  its  non-contractile  polypary  would  seem  to  preclude  the 
idea  of  its  having  tloated  freely  in  the  old  Silurian  seas,  1  consider  that  in  the  present 
state  of  our  knowledge  we  cannot  do  other  than  place  it  provisionally  amongst  the 
Athecate  Ilydroida.  At  the  same  time  I  must  admit  that  the  absence  of  any  hy- 
drorhiza  apparently  capable  of  attachment  to  foreign  bodies,  in  the  true  graptolites,  as 
well  as  in  the  Corvnoidea,  renders  it  improbable  that  they  resembled,  in  their  mode  oi 
existence,  the  fixed  Hydroida  of  our  present  seas. 

Loc.  Llandeilo : — Lochan  IJurn,  Queensberry  Hill,  Dumfriesshire. 
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Order,  HTDBOiDiL   Sub-order,  Theoafhoba  ?  Family,  Dbndboidea. 

1.  Dendrograptus  ramvlusy  sp.  nov. — PL  XII.,  Fig.  2. 

Polypary  with  slender  flexuous  branches  bifurcating  at  a  wide 
angle  and  bending  outwards  after  each  bifurcation,  Hydrothec» 
about  30  to  the  inch,  nearly  twice  as  long  as  broad,  rhomboidal  in 
form,  entireljL  free  from  each  other,  and  with  projecting  sub- 
mucronate  apices. 

The  branches  usually  occur  in  small  fragments  having  a  jointed 
or  articulate  appearance,  due  to  the  complete  separation  of  their 
hydrothecse  from  each  other.  They  are  about  l-50th  of  an  inch  in 
breadth.  The  hydrothecae  usually  have  a  slight  inclination  outwards, 
or  away  from  the  dorsal  margin  of  the  branches,  their  proximal 
angle- projecting  slightly  on  this  side,  and  their  extreme  distal  angle 
or  apex  forming  a  rather  more  prominent  projection  on  the  frontal 
or  outer  side ;  but,  owing  to  the  varying  direction  of  compression  of 
the  branches,  they  sometimes  assume  very  different  forms. 

This  species  is  very  distinct*  from  all  the  others  of  its  genus.  The  wide  angle  of 
diyergence  of  its  branches,  and  their  decided  articulate  appearance,  are  its  chief 
characteristics.  In  form  its  thec»  somewhat  resemble  those  of  D,  graeilit  (Hall), 
but  thej  are  less  trianj^ular  in  shape,  being  yery  nearly,  if  not  quite,  as  broad  at  their 
proximal  as  at  their  distal  end. 

More  entire  specimens  of  i>.  ramulus  than  haye  hitherto  been  found  would  be  of 
value. 

Loc.  Llandeilo : — ^Wanlock  Water,  Wanlookhead,  Lanarkshire. 

Order,  Hydboida.  Sub-order,  Bhabdophoba.  Family,  Monopbtonid a. 

1.  Qrapioliihus  attentuitus,  Hopk.  (Expl.  Sh.  15,  G^ol.  Surv. 
Scotl.)— PI.  XII.,  Fig.  3. 

Polypary  exceedingly  slender,  slightly  curved,  and  with  isolated, 
linear,  or  linear-tubular  hydrothecae,  from  10  to  12  to  the  inch, 
rising  from  its  convex  margin  at  a  very  slight  angle. 

This  little,  fragile,  monoprionidian  graptolite  seems  to  have  been 
about  an  inch  or  two  in  length,  none  of  the  specimens  examined 
exceeding  an  inch  and  a  half,  and  this  length  is  but  rarely  attained. 
The  curvature  of  the  polypary,  though  very  slight,  is  constant  in 
different  individuals.  TJie  periderm  is  about  l-400th  of  an  inch  in 
breadth,  and  is  thus  of  greater  tenuity  than  in  any  other  species  of 
the  genus.  The  proximal  end  of  the  hydrothecse  is  not  clearly 
defined,  for  they  merge  imperceptibly  into  the  periderm  at  their 
origin.  There  appears,  however,  to  be  a  slight  interval  between  the 
distal  end  of  each  theca  and  the  proximal  end  of  the  next  From 
their  origin  the  hydrothecae  gradually  widen  to  a  maximum  breadth 
of  l-150th  of  an  inch,  terminating  in  a  rounded  apex,  which  shows, 
when  a  front  view  of  the  polypary  is  obtained,  a  distinct  circular 
aperture ;  but  when  the  polypary  is  compressed  so  as  to  show  a  side 
view,  these  apertures  are  not  visible,  the  apex  of  the  thecae  being 
slightly  pointed  and  free  from  the  adjoining  portion  of  the  polypary. 

This  species  seems  to  be  more  nearly  allied  to  Itastritet  eapiUaris  (Carr,)  than  to 
an^  species  of  Oraptolithus.  It  differs,  however,  from  the  typical  species  oiSastritet 
in  its  nydrothecse  being  closely  appressed  to  the  periderm  from  their  ppximal  to  their 
distal  end.  It  apparently  forms,  with  E.  capillarity  an  intermediate  link  between  the 
two  genera,  if  they  are  really  distinct. 

The  most  nearly  allied  form  in  Oraptolithus  it  Prof.  '^\c\io\BO\C%  nw.  mMv«r  ^\  0« 
Nihsmi  (Barr.),  bat  in  this  variety  there  are  neatly  tmoe  t\i^\iMLX[^i«t  ol  V^tojKiasft» 
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in  an  inch,  and  tticirfimi  k  mr  dilbrail.  O.  «inii<i(PorU.)tif  itlwMtMidfi 
▼arietj  of  G.  NUttom^  if  itiU  mith«r  nmand,  hi  tiim  di^lilly  onriq^ppg  im 
another,  and  the  entire  polynary  heing  not  nearij  ao  dandier  aa  m  17. 


Barrande  fignrei,^  aa  a  firagment  of  hb  ^.  ^|Mn»lfiii^  a  mtmmm  vlnek  li  ■«! 
probabW  refionble  to  tiib  ijjeciei ;  hntaa  no  deaot^tion  or  enlngnd  flgninligiiHt  I 
cannot  oe  eertain  <tf  their  loeatitj. 

Lanarkihire.  

2.     QrapioUHnLi  aeuiu^  Bp.  nov.— FL  XH.,  Kg.  4. 
Polpary  slender,  dighily  onrvedy  and  witli  iadlated,  aoubelj  n- 
golar  hydrotheo»,  about  25  to  the  inoh,  xiaiiig  fieom  iti  oodtck 
margin  at  an  angle  of  abont  80  degrees. 

The  periderm  of  this  little  graptolUe  is  almost  as  slender  as  Hd 
of  G.  aitenvaiui,  not  exceeding  1-SOOth  of  an  inbh  in  fareadth,  bat 
the  form  of  the  hydrothecad  is  Yory  different  The  polypaiy  is  of 
unknown  length,  the  only  speoimens  I  have  seen  bemg  on  a  sing^ 
piece  of  shcde  about  an  inch  and  a  half  squaze.  The  sok&oo 
of  the  shale,  however,  is  covered  with  them,  there  being  per* 
tions  of  twenty  or  thirty  individuals  crossing  it  at  all  anj^es^  Tbfb 
curvature  of  the  difEsrent  specimens  varies  very  mobh,  aQmebeiag 
very  nearly  straight.  The  hydrotheo»  are  barely  isolated  from  sbss 
other,  the  distal  end  of  each  theca  reaching  to,  but-never  overittmnA 
the  proximal  end  of  the  next  Their  outer  margin,  whidh  is^^iftb 
concave,  forms  an  angle,  with  the  axis,  of  about  20  degreesi  mA 
their  distal  margin,  constituting  the  aperture,  forma  an  an^  of 
about  50  degrees  with  the  axis,  their  apex  being  acutely  angular  or 
sub-mucronate.  The  maximum  breadth  of  the  polypary,  or  the 
distance  between  the  apex  of  each  theca  and  the  dor^  margin  of 
the  periderm,  varies  from  about  l-80th  to  l-50th  of  an  inch. 

This  species  differs  from  G»  iniermediut  (Carr.),  the  only  form  to  which  it  bean  aoj 
resemblance,  in  the  greater  tenuity  of  the  polypary,  and  m  the  form  of  the  hydro- 
thecflB,  which  are  longer  than  those  of  O.  inUrmediut  in  proportion  to  tiieir  hreadth. 
In  the  latter  species,  also,  the  thecae  rise  from  the  periderm  at  a  greater  angle  tbaa 
in  O,  acutui, 

hoc.  Llandeilo  i-^Qtixple  Linn,  Moffat,  Damfiiesahire. 

Family,  Dipbionida. 

1.  Diplograptu8  Eikeridgii,  Hopk.  (Expl.  Sh.  15,  GeoL  Surr. 
Scotl.)— PI.  Xn.,  Fig.  5. 

Polypary  about  an  inch  in  length  and  l-80th  of  an  inch  in  breadth 
at  its  widest  part,  slightly  contracted  towards  the  proximal  end,  and 
gradually  decreasing  in  breadth  towards  the  distal  end;  with  a  radicle 
and  lateral  spines  and  a  distally  prolonged  virgula.  Hydrothecc 
from  30  to  35  to  the  inch,  forming  but  a  slight  angle  with  the  axis, 
slightly  overlapping  one  another,  and  with  a  curved  outline  and 
rounded  apex.  Apertures  appearing  as  minute  circular  depressicms 
at  the  distal  end  of  each  hydrotheca. 

At  the  proximal  end  of  the  polypary  two  spines  only  are  usnallj 

seen,  the  central  radicle  being  seldom  perceptible.     The  polypaiy 

almost  immediately  attBAnE  \\a  TSi<dx\TCL\mvNrA\K  ^ad  then  contracts, 

tor  some  distance  aLmoat  Vmi^et^^^^W^l  >  «a.\  "Omsq.  ^j»5»^\-^  ^n^sw. 

rapidly,  towards  its  diateX  fiud,  IV^  T^^VI^'^^'^^^^S^ 

b^fng  ^most  invariably  pTo\ox.«^>^l--^^-f-  ^^^^^ 
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polypary  for  about  half  an  inch,  and  sometimes  for  a  greater  distance. 
The  hydrothecas  have  usuaUy  the  appearance  of  rounded  knobs, 
their  outer  margins  forming  a  continuous  curve,  at  first  concave, 
and  then,  for  about  half  their  length  and  round  their  apertures, 
convex. 

This  species  somewhat  resembles  i).  anguttifoliua  (Hall),  but  is  Tory  mnch  narrower, 
and  has  n^^drothecsB  more  nearly  approaching  in  form  those  of  D.  Hugheni  (Nich). 
As  a  rule,  it  is  readily  distinguisuable,  amongst  the  species  with  which  it  is  associated, 
by  not  having  the  same  glistening  appearance.  It  would  seem  to  haye  had  a  thinner 
or  more  fraeue  polypary  than  is  usual  in  its  genus. 

I  name  me  species  sjter  Robert  Etheridgs,  Esq.,  F.R.S.,  Palsdontologist  to  the 
Geological  Survey  of  Great  Britain,  to  whom  I  am  indebted  for  the  opportunity  of 
examining,  at  the  Geological  Museum,  a  collection  of  graptolites  amongst  which  I 
first  recognized  this  form. 

Loc.  Llandexh : — ^Wanlock  Water,  Wanlockhead,  Lanarkshire. 

2.  Diplograptus  pennaf  Hopk.,  Joum.  Quekett  Micros.  Club,  vol.  i., 
p.  169,  pi.  viii.,  fig.  12.— PI.  XIL,  Fig.  6. 

Polypary  about  1-lOth  of  an  inch  broad,  of  unknown  length, 
and  with  the  periderm  and  virgula  distally  prolonged.  Hydrothecas 
20  to  the  inch,  never  overlapping  one  another,  their  outer  margin 
convex,  forming  an  angle  of  about  45  degrees  with  the  axis,  and 
entirely  free,  and  their  distal  margin,  or  margin  of  the  aperture,  con- 
cave, and  at  right  angles  to  the  axis. 

From  the  proximal  to  the  distal  end  the  polypary  gradually 
widens,  attaining  its  full  width  of  1-lOth  of  an  inch  at  the  last 
developed  hydrothecsB.  The  entire  polypary  attains  a  length  of  at 
least  two  inches ;  but  of  the  few  specimens  I  have  seen  not  one  has 
had  both  its  extremities  entire.  The  distal  prolongation  of  a  portion 
of  the  polypary  destitute  of  hydrothec8d  has  only  been  seen  in  the 
specimen  figured.  That  this  prolonged  portion  is  the  common  tube 
or  periderm  seems  to  be  shown  by  the  presence,  throughout  its  entire 
length,  of  a  slender  fibre,  which,  from  its  central  position  and  dis- 
tinct appeai'anoe,  I  have  inferred  to  be  the  virgula.  This  periderm 
appears,  between  one  or  two  of  the  last-formed  or  most  distal 
hydrothecsB,  as  a  distinct  structure — its  junction  with  the  thecsB  on 
either  side  being  well  defined.  It  is  here  about  l-40th  of  an  inch  in 
width,  and  shows  transverse  striae ;  but  as  it  leaves  the  thec€e  these 
markings  disappear,  and  it  contracts  to  nearly  half  this  width.  It 
then  gradually  expands,  attaining,  at  about  two-thirds  of  its  length,^ 
a  width  of  fully  one-tenth  of  an  inch,  and  gradually  contracting  to  an 
obtusely  acuminate  point.  This  free  portion  is  about  an  inch  and  a 
half  in  length.  Whether  the  hydrothecsB  have  never  been  developed 
along  it,  or  after  having  budded  from  it  have  disappeared,  or  have 
been  destroyed  during  fossilization,  we  have  no  certain  data  to  deter- 
mine. From  its  varying  width — its  extensive  dilatation  and  acuminate 
apex  more  especially — the  former  supposition  seems  to  be  the  most 
probable. 

This  curious  structure  is  possibly  morphologically  identical  with  the  **  axial  tube  *' 
which,  in  D.  vetieulotua  (Nich.)*  is  stated  to  take  the  place  of  the  "ordinary  solid 
axis."    In  this  species,  however,  Prof.  Nicholson  says  that  the  presence  or  otlierwise 

^  Near  this  point  an  accidental  fracture  is  seen.    It  Va  t«^i«Mni\»i\3DL  ^<^  ^^^sosm^ 
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uf  ■  Umi  iiiliil  nil  ill  iililllfiii  lii  llii  ■liri  liilin  ■•■■iil  Tii  fliiMwiaiil  Mf^Mlfti 
aiial  tube  with  ito  tonniiitl  veaoto  be  iierdy  a modifleatioa  ef  tiM  mHaujwmam 
iabeor  peiideniiP  Such  >  nodiflcatiiwi  ■eemi  mow  probable  than  ti»  mamiOm 
of  a  dufanet  oma  imlmimn  in  aay  othar  grntoUtB,  €r  fm  tnj  i^^ 

Tbo  hTdro&M  of  J>.  mmm  difo  in%  tarn  thoM  oT  JX  ■iwiViifMii^' tin 
antirelT mw  from  eaeh  otbar  to  ihnr  jmutioa witb  tbo paridarm.  Tbaj ttaLi]m» 
diiferuitbii  point*  m  w^  at  in  thor  gnanl  fonn,from  tiiaaa  of  2).  jpnUft  ^X 
to  wbioh  fpeeiai  D.  pmmm  laema  to  bo  netrir  aOiod. 

Loa  Umdtiio  >-Freiiohkind  Ban,  Momt  (and  noir  Mooian  f),  DnaftiHkfaa. 

8.  D^rio^raplicf  pingwi$,  tp.  nov. — ^FL  XTIf,,  Fi^r-  7. 

Polypaiy  ovate  in  form,  about  half  an  inoh  in  length,  and  fdb  • 
quarter  of  an  inoh  in  breadth,  exoliuiTe  of  its  latenl  aptnea  and  of 
the  piolongationa  of  the  Tizgala»  whidh  terminatea  pnoriinanyma 
-well-niarked  radide  and  ia  prolonged  diatally.  HydxotlieoB  aboaft 
10  to  the  inoh,  wi&  a  slender  apine  at  their  iqpex,  and  with  a  ooa- 
oave  aperture  extending  partly  aoroaa  the  polypary  aft  zig^  aaig^ 
to  the  azia. 

Gommenoing  with  a  very  dender  radioolar  iironaai,  flanked  bj 
two  equally  dender  apinea,  indioatinff  the  spioea  odT  the  lint* 
formed  theoaa,  the  polypaiy  rapidly  widene,  attaining  ita  loll  wiAh 
at  about  a  fifth  of  an  ixioh  from  ita  ori{^  and  then 
beoomea  narrower  to  ita  diatd  end,  from  which  the  Yiii|;ii]a  ia  pn>- 
longedaaadenderprooesafor  atleeibt  half  aninoh.  Thahydrotibeen, 
owing  to  the  imperfect  atato  of  preservation  in  which  thia  species  is 
found,  are  scarcely  perceptible,  being  usuallv  indicated  only  bj 
their  spines,  which  are  slender,  vaiy  in  length  m>m  l-20th  to  nearij 
1-lOth  of  an  inch,  and  form  a  continuous  line  with  the  margin  (^ 

the  aperture. 

I  have  seen  very  few  specimeiiB  of  this  species,  and  haye  onlj  one  niffieientlydiBtinet 
to  show  the  above  obaracters,  and  this,  being  a  mere  pyritouf  stain  on  tbe  snriaee  of 
the  shale,  has  lost  the  distinot  brilliant  appearance  it  had  when  first  ezpooed,  as  a 
fossil,  to  the  li^ht. 

J).  armatu8{Sic\i,)  is  the  only  species  to  which  D.  pinguit  bean  any  resemblaaee, 
bnt  this  species  is  very  much  narrower  and  has  mnch  longer  spines,  which  are 
described  as  *'  broad,  tapering,  and  slightly  deflexed,"  and  are  thus  totally  diitiaot 
from  the  minnte,  slender,  spinous  processes  of  D,  pingui*. 

Loo.  Zlandeih : — Sowen  Dod,  Wanlockhead,  Lanarkshire. 

4.  IHplograptua  fimbriatus,  sp.  nov. — PI.  XIL,  Fig.  8. 

Polypary  about  half  an  inch  in  length  and  l-16th  of  an  mch  in 
breadth  throughout,  with  a  minute  radicle  and  lateral  spinea  and  a 
distally  prolonged  virgula.  Hydrothec89  about  40  to  the  inch, 
overlapping  one  another  for  fully  half  their  length,  inclined  to  the 
axis  at  an  angle  of  from  10  to  20  degrees,  and  with  mucronate  apices 
and  slender  spines.  Apertures  appearing  as  minute  circular  or 
slightly  elongated  scalariform  impressions. 

At  the  proximal  end  the  polypary  is  obtuselv  rounded  and  firinged 
with  slender  spines,  the  central  one  representmg  the  radicle.  The 
margins  of  the  polypary  are  parallel  throughout,  and  are  also 
fringed  with  these  spines,  which  do  not  appear  to  proceed,  as  usual, 
from  the  apertures  of  the  hydrothecaB,  but  from  a  point  which  pro- 

^  >  This  species,  whether  with  or  without  its  terminal  yesicle,  may  be  easily  dis- 
tinguished from  J).  prUtit,  to  which  it  has  been  erroneously  refeired.  In  tiie  Mofiaft 
BhtiidB  it  characterises  a  ^tiact  loue  ^  axui  Sa  Ttf)>\  laawsateil ^inai^  B«  vKatu^ 
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jeots  slightly  beyond  the  general  margin  of  the  polypary,  and  ap- 
parently forms  the  extreme  distal  termination  of  each  hydrotheca. 
Their  apertures  do  not  reach  to  this  point,  and  in  the  usual  direction 
in  which  the  graptolite  is  compressed,  appear  in  the  centre  or  between 
the  centre  and  the  margin  of  the  polypary,  as  circular  or  oval  depres- 
sions. The  spines  are  about  l-20th  of  an  inch  in  length,  and  are  usually 
slightly  curved.  The  form  of  the  hydrothecsB  cannot  be  accui-ately 
determined,  owing  to  the  direction  in  which  the  species  is  compressed. 
DistaUy  the  polypary  ends  abruptly,  never  contracting,  as  it  almost 
invariably  does  in  other  species,  and  the  virgula  is  prolonged  for 
about  half  an  inch  or  more. 

This  speeies  differs  from  all  others  of  its  genus  in  the  number  of  spines  with  which 
the  proximal  end  is  fkmished ;  and  in  the  parallelism  of  the  margins  of  the  polypary 
from  all  hat  i).  vetieulottu,  to  which  species  it  has  not  the  slightest  resemblance  in 
other  respects. 

Loo,  LlandeUo : — ^Wanlock  Water,  Wanlockhead,  Lanarkshire. 

5.     DiplograptM  Hincktii,  sp.  nov. — ^PL  XII.,  Fig.  9. 

Polypary  two  or  three  inches  or  more  in  length,  and  an  eighth  of 
an  inch  in  breadth  at  its  widest  part;  the  proximal  end  furnished 
with  a  slender  radicle  and  lateral  spines,  and  the  margins  with  very 
conspicuous  spines  about  an  eighth  of  an  inch  apart  Hydrothecaa 
about  24  or  25  to  the  inch,  decreasing  but  slightly  in  width  from 
their  junction  with  the  periderm  to  their  apertures,  which  usually 
appear  as  transverse  oval  impressions  on  the  surface  of  the  polypary. 

Near  the  proximal  end,  the  polypary,  exclusive  of  its  lateral  spines, 
is  about  1-I6th  of  an  inch  in  breadth,  gradually  increasing  to  fully 
l-8th  where  the  most  distal  hydrothecn  are  seen.  The  first,  or  radicular 
spines  su*e  bent  slightly  towards  the  radicle,  the  remaining  lateral 
spines  being  directed  outwards.  These  spines,  which  average  l-8th 
of  an  inch  in  length,  are  at  first  in  the  proportion  of  about  ten  to 
the  inch,  but  the  distance  between  them  gradually  increases,  until, 
near  the  distal  end  of  the  pol3rpary,  there  are  only  eight  in  the  space 
of  an  inch.  They  originate  from  the  polypary  in  a  lateral  direction, 
having  apparently  budded  from  the  periderm  at  right  angles  to  the 
hydrothecsd,  to  which  they  bear  no  even  numerical  proportion.  In 
these  respects  they  are  similar  to  the  reproductive  capsules  which 
have  been  observed  on  Diplograptua  pnatis  (His.) ;  but  they  show  no 
decisive  evidence  of  real  analogy  with  them.  That  they  have  had 
some  connexion  with  the  reproductive  process,  seems,  however,  not 
improbable.  The  exact  form  of  the  hydrothecaB,  owing  to  their 
being  shown  as  ^'scalariform  "  impressions,  cannot  be  determined,  but 
they  have  evidently  had  a  larger  aperture  than  is  usual  in  this  genus. 
Its  transversely  long  and  narrow  form  appears  to  be  partly  due  to 
compression,  the  entire  hydrothecse  having  most  probably  been 
originally  similar  in  form  to  those  of  D.  putiUus  (Hall). 

For  the  illustration  of  this  species  I  have  chosen  three  specimens  which  occur  on 
the  same  piece  of  shale,  and  in  the  position  in  which  they  are  figured.  Of  these,  one 
only  appears  to  be  entire  and  ftill  rrown,  another  is  certainly  a  youn^  form,  and  the 
third  18  only  a  fragment,  but  each  one  illustrates  some  peculiarity  m  this  curious 
species.  In  the  smallest  specimen,  of  which  the  distal  end  only  \a  «!A>\^  V^rs^qtA  '^^ 
last  developed  hydrotheca^  there  is  an  extendon.  oi  'wYiaX  a^^^«wn  XAXy^^^'^Ra^^sK^^ 
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tnd agiui,  beyond  this,  tlieTirgiik IS i^on^  Ibr  a ooo^^  Lifts 

more  entire,  bat  yonnger  form.  tlA  nenderm  is  seen  to  be  prdoaged  Ibr  about  ksif  sa 
inch,  and  no  Tixgiilais  apparent  in  the  mature  and  psnbet  ftnn,  befond  fts  asst 
distal  hydroiheett,  the  pendenn  seems  to  have  iplit  in  two;  one  postioUt  of  vUAe^ 
abont  a  third  of  an  inen  is  seen,  is  sligfatly  bent  ontwaids,  wbils  tlm  odisr  portwa  m 
eontinned  in  a  nearly  straight  line  for  abcmt  anineh  and  a  bait 

A  foil  consideration  of  the  yazioos  qnestimis  vfaioh  tibeie  ftnni  agggaBl  ■■!  be  i»- 
•enred  for  another  ocoesion. 

I  name  this  speeies  after  the  Ber.  Thomas  BBnaks,  gJLS^  anflior  of  •*  Alfishjrj 
of  the  British  Hydroid  Zoophytes,"  to  whom  I  am  indebted  for  Tslnable  ii 
on  these  recent  representatiTes  of  the  GiaptoliteSb 

Loo.  Zimdnk  ;— Sowen  Dod,  and  Wanloek  WateiE^  Wanloekbaad, 


Family,  HoNODiFBiOHmjik 

1.  IHcramoffrapiuM  rectus,  Bp.  hoy. — PL  XIL,  Fig.  10. 

Polypaiy  with  a  Tory  abort  dipriomdian  stem,  wider  near  tte 
axil  than  at  the  prozimal  end,  and  dividing  acutely  into  two  long 
and  almost  perfectly  straight  monoprionidian  brandhea,  which  di- 
verge from  each  other  at  an  angle  of  about  20  or  30  degrees.  Hydro- 
theoes  from  25  to  80  to  the  in(£,  fi:ee  for  about  half  the  width  dT  the 
polypary ;  curvilinear  in  outline^  and  slightly  incurved  towazds  the 
distal  end.  Apertures  forming  an  angle  of  about  45  degrees  widi 
the  axis. 

The  stem  is  provided,  as  in  all  the  species  of  the  genus,  with  a 
radide  and  two  lateral  spines,  processes  nom  the  first  formed  theim 
It  varies  in  length  from  l-lOth  to  l-5th  of  an  inch,  its  length  not 
increasing  with  the  age  of  the  individual,  for  specimens  with  branches 
not  more  than  an  inch  long  seem  to  be  more  frequently  provided 
with  Btems  of  the  full  length  than  those  in  which  the  branches  have 
attained  the  length  of  three  or  more  inches.  The  outer  margins  of 
the  branches  are  continued  in  a  straight  line  to  the  prozimal  end  of 
the  stem,  the  margins  of  which  thus  form  the  same  angle  with  each 
other  as  the  branches.  At  the  axil  a  breadth  of  1-lOth  of  an  inch  is 
sometimes  attained.  The  branches  vary  from  l-30th  to  l-20th  of 
an  inch  in  breadth,  and  are  usually  perfectly  straight,  but  some- 
times curve  slightly  inwards  towards  Uieir  distal  end.  The  hydro- 
thecas  have  the  curvilinear  form  peculiar  to  this  and  the  allied  genus 
DiceUograpttis,  with  the  usual  pouch-like  indentations  within  which 
the  apertures  are  situated.  Their  outer  margin  is  slightly  indented, 
and  in  the  stem,  and  for  a  short  distance  along  the  brandbes,  within 
this  indentation  there  is  a  slight  protuberance  from  which  proceeds  a 
slender  spine,  directed  outwards,  or  but  slightly  towards  the  distal 
end  of  the  polypary.  In  general  form  the  hydrothecsQ  seem  to  be 
intermediate  between  those  of  IX  Nicholsoni  and  D.  formomu  (Hopk.). 

This  species  differs  from  all  the  others  of  its  genus  in  haying  an  exceedingly  short 
stem  in  proportion  to  the  length  of  its  branches,  and  in  its  branches  being  bat  tery 
sli^tly,  if  at  all,  curved. 

From  the  numerous  specimens  of  this  and  other  species  o(  Dicranoffrmptm  which  I 
have  seen  in  the  neigblx>urhood  of  Wanlockhead,  I  am  couTinced  that,  within  certain 
limits,  the  length  of  the  stem  furnishes  a  character  of  spedfio  importance.    Ik 


Loo,  Llandtilo  :— Laggen  OiXU  lieaflgMM^  \iMft«>ui8CvT^ 
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EXPLANATION  OF  PLATE  XIL 

Fio.  1.  Corynoidei  gracilis,    la.  A  specimen  natural  size,    lb.  The  distal  end  magnified 

5  diameters,    le.  The  proximal  end  mag.  5  dia. 
Fig.  2.  Dendrograptm  ramulut,  2a.  A  specimen  nat.  size.   2b.  Part  of  a  hranch  mag. 

5  dia.    2e,  Another  specimen  nat  size. 
Fio.  3.  Oraptolithua  attenuatua.   Za.  A  specimen  nat.  size.  *^.  A  portion  mag.  5  dia. 

Ze.  Three  hydrothecsB  mag.  10  dia. 
Fio.  4.  Oraptolithua  aeutus,    4a.  A  group  nat.  size.  ib.  Part  of  a  specimen  mag.  6  dia. 
Fio.  5.  Diplograptua  Ethsridgii.    ba,  A  specimen  nat.  size.    Sb.  and  5e.    The  distal 

and  proximal  ends  mag.  5  dia.  6d,  Another  specimen  nat.  size.  5#.  Part  of 

a  specimen  collected  hy  the  GeoL  Sorr.  of  Scotland,  enlarged. 
Fio.  6.  Diplograptua  pemta,  6a.  A  specimen  nat.  size.  6b.  and  6o.  Portions  mag.  6  dia. 
Fio.  7.  Diplograptus  pinguia,    7a.  A  specimen  nat  size. 
Fio.  8.  Dipkgraptua  Jimbriatua,    6a.  A  specimen  nat.  size.    6b.  and  6e.  The  distal 

and  proximal  ends  mag.  5  dia.    6d.  Another  specimen  nat.  size. 
Fio.  9.  Diplograptua  Hinekaii.    9a.  A  specimen  nat.  size.    9b.  A  portion  mag.  6  dia. 

9e.  An  imperfect  specimen  nat.  size.    9d.  A  young  specimen  nat.  size. 
Fio.  10.  Dicranograptua  rectua.  10a.  A  specimen  nat.  size.  10^.  Part  of  a  branch  mag. 

5  dia.    lOff.  The  proximal  end  mag.  6  dia. 


IV. — On  the  Belations  of  the    Middle   and  Uppeb  Silurian 
(ClintoNi  Niaoaba,  and  Heldebbebg)  Books  of  the  United 

States. 

By  Professor  James  Hall,  of  Albany,  (J.S.A. 
l^oreign  Member  of  the  Geological  Society  of  London. 

IN  the  general  dassification  of  the  PalaBOzoio  Bocks  of  North 
America,  while  we  have  carefully  compared  and  attempted  to 
correlate  them  with  the  greater  divisions  of  the  Silurian,  Devonian, 
and  Carboniferous  systems  of  Great  Britain  and  the  continent  of 
Europe,  we  have  still  retained  the  local  names  of  formations,  which 
to  a  great  extent  were  given  in  the  Geological  Survey  of  New 
York.  These  names,  like  English  local  names,  indicate  a  locality 
or  region  where  the  strata  are  well  shown,  and  the  characteristic 
features  of  the  formation  better  developed  than  in  other  places. 
Several  of  these  local  formations  have  thus  been  grouped  together  as 
representing  certain  stages  in  the  systems  of  formations  as  recog- 
nized above. 

In  this  grouping  together  we  have  the  Medina  Sandstone,  the 
Clinton  Group,  and  the  Niagara  Group  as  representatives  of  the 
Middle  Silurian,  while  we  arrange  the  Water-lime  and  Lower  Hel- 
derberg  Groups  in  the  Upper  Silurian  strictly.  These  two  divisions 
are  clearly  separated  from  each  other  by  the  Onondaga  Salt  Group 
as  shown  in  the  subjoined  diagram  (1)  thus  : 

TT         Q.i    .  ( Lower  Helderberg  Water-lime. 

Upper  Silnnan   y  Onondaga  Salt  Group  or  Salina  formation. 

(  Niagara  Group. 

Middle  Silurian <  Clinton  Group. 

(  Medina  Sandstone. 

{Hudson  River  Group. 
Bla^k^Rirer  I  Limestones. 
Birdseye        ) 

Below  these  come  the  well-marked  Lower  Silurians,  the  eq[aiva- 
lents  of  the  Caradoc  and  Llandeilo  fonnatioiis. 
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The  geographioal  distribaticm  of  tha  Middle  and  Uppor  KhBinin 
the  United  States  and  Oanada  ia  veiy  deazly  detanmoied  anies- 
tremely  different  in  the  two  diviaicnia.    Each  one  of  theae  ffifiiioBi 


has  been  the  sobjeot  of  long-oontinned  stnd^  and  oavaftd  mveatka* 
tion.  Eadi  one  of  them  has  fhiniahed  matenala  fer  m  ifolpme  of  na 
Paleontology  of  the  State  of  New  York,  and  it  nuvf  be  aaid  wttk 
oonfidenoe  that  there  is  soaroely  a  sing^  qpeciea  oommoQ  to  thetwa 
formations.  Bepresentative  species  do  oooor  in  the  two  dmiioBi; 
and  whererer  the  physical  conditions  haye  been  simSar  dnxing  As 
two  epochs,  the  q>ed6soocnningintiu)8ebedsbearacikiaeaiBd]aDli^ 
to  each  other.  But  the  entire  assemblage  of  fosailfl  ia  ao  dlllaisai 
that  from  these  alone  (leaYingoot  of  consideratlott  the  xelaftiTB  posHioB 
of  the  formaticHis),  no  good  f  alaeontologist  would  leoogaiie  them  ai 
the  fiuma  of  a  single  era  in  geological  time. 

In  a  paper  read  before  the  American  Association  for  the  Advanoa- 
ment  of  Science  in  1870,  Mr.  A.  H.  Worthen,  the  State  Geologist  of 
Illinois,  proposes  to  dispense  with  the  subdiyisiona  Niagaia  and 
Lower  Helderbezg  Groups,  and  gi^es  his  reasons  for  regarding  them 
as  one  and  the  same,  and  that  the  nomenolaimre  of  the  adenoe  is  thai 
nnnecessarily  burdened  with  two  designations  for  the  same  forma- 
tion. He  bases  his  conclusions  upon  observations  made  in  the 
Schoharie  valley,  where,  he  asserts,  the  Lower  Hddeiberg  Qtoup 
rests  directly  upon  the  Sandstones  of  Lower  Silurian  age,  fbs 
Hudson  Blver  Group. 

Having,  during  the  last  thirty  years,  been  familiar  with  the  Scho- 
harie valley  and  its  tributary  vaUeys,  and  having  made  sections  of 
the  strata  at  more  than  twenty  different  points,  I  am  compelled  to 
say  that  I  have  nowhere  witnessed  the  phenomenon  asserted  by 
Mr.  Worthen.  Everywhere,  and  unmistakably  too,  the  lowest  mem- 
ber of  the  Lower  Helderberg  Group  is  separated  from  the  sandstone 
of  Lower  Silurian  age  by  two  or  three  distinct  and  well-marked 
members  of  the  series.  In  order  to  show  the  true  relation  of  the 
rocks  of  the  Schoharie  valley,  I  present  the  following  section,  whidi 
may  be  verified  in  numerous  locaEJities  in  the  Schoharie  and  Eobel's 
Kill  valleys. 

.  Oriskany  Sandstone. 
I  Upper  Pentamenis  Limeetone. 
Lower  Helderberg  Group  <  Snaly  Limeetone. 

r  Lower  Pentaments  Limestone. 

Tentacolite  Limestone. 

Water-lime  Formation. 

Coralline  Limestone. 

Green  Shales  with  Iron  Pyrites. 
Lower  Silubiak Sandstones  of  the  Hudson  Eiver -Group. 

Here  it  will  be  distinctly  observed  that  the  lower  member  of  the 
Lower  Helderberg  Group  is  separated  from  the  sandstones  of  the 
Lower  Silurian  system  by  an  impure  Magnesian  Limestone,  which, 
though  usually  destitute  of  fossils,  contains  in  some  localities  groat 
abundance  of  that  remarkable  Crustacean  the  Eurypterus,  and  moxe 
rarely  its  allied  form  Pterygotua,  The  Coralline  Limestone,  as  its 
name  indicates,  contains  numeToxA  qotq1«,  among  which  aio  Hafy$iie$ 
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eatenulatuBf  Favoaites  Niagarensis,  etc.,  and  Braohiopoda  of  several 
genera.  Two  or  three  species  of  Trilobites  also  ocour  in  the  same 
rock. 

The  green  shale  with  iron  pyrites  has  a  thickness  of  thirty  or  forty 
feet,  and,  so  far  as  known;  is  destitute  of  fossils.  The  proportion  and 
amount  of  iron  pyrites  is  very  great,  and  necur  the  base  of  this  bed 
there  is  often  a  distinct  layer  of  iron  pyrites,  which  has,  to  some 
extent,  been  mined  for  economic  uses.  This  feature  is  of  interest 
mainly  in  connexion  with  some  suggestions  I  propose  to  make  re- 
garding the  characteristics  of  this  part  of  the  formation  in  its 
western  extension. 

Without  occupying  the  time  of  the  Association  with  details  of 
observations  and  sections  at  numerous  points,  I  propose  to  present  a 
corresponding  section  at  a  point  about  sixty  or  seventy  miles  west  of 
the  Schoharie  valley,  where  the  preceding  section  may  be  verified. 

We  have  still  the  same  general  features  of  country,  and  the 
greater  geological  divisions  are  weU  marked. 

(  Oriskany  Sandstone. 
Lower  Helderberg  Gronp  <  Shaly  and  Lower  PentamemB  Limfistone. 

(  Tentaculite  Limestone. 
Water-lime  Formation. 
Red  and  Grey  Marls  of  the  Onondaga  Salt  Group. 

Niagara  Group  •    Coralline  Limestone. 

Clinton  Group    Green  Shales  and  Beds  of  Bed  Hiematite. 

If  edina  Sandstome Bed  and  Grey  Sandstone. 

At  a  point  one  hundred  miles  further  west  we  have  the  following 
section : 

Oriskany  Sandstone. 

Upper  Silurian  Water-hme  Group. 

Onondaga  Salt  Group. 

(Niagara  Group. 
Clinton  Group. 
Medina  Sandstone. 
Lower  Silurian Hudson  Riyer  Gronp. 

At  this  point  every  vestige  of  the  Lower  Helderberg  Group  has 
disappeared,  and  the  Water-lime  and  Onondaga  Salt  Group  have 
become  developed  to  a  thickness  of  more  than  one  thousand  feet. 
The  Niagara  Group  in  its  divisions  of  Shale  and  Limestone,  and 
with  its  characteristic  fossils,  is  a  well-marked  feature.  The  Clinton 
Group,  with  its  abundant  iron  ores,  has  reached  its  maximum  thick- 
ness to  the  east  of  this  point,  and  in  the  neighbourhood  of  the 
second  section. 

Still  following  these  formations  to  the  westward,  we  obtain  every- 
where for  several  hundred  miles  essentially  the  same  order  of 
succession,  with  the  absence  of  the  Oriskany  Sandstone.  This  is 
shown  upon  the  geological  map,  and  the  formation  may  be  traced 
through  Western  New  York,  Ohio,  Canada,  the  Islands  of  Lake 
Huron,  Wisconsin,  Illinois,  Iowa,  and  Missouri.  Nowhere  in  this 
direction  till  we  reach  the  Mississippi  in  the  southern  part  of 
Missouri  and  Illinois,  do  we  find  the  least  evidence  of  the  limestones 
or  of  the  fossils  of  the  Lower  Helderberg  Group. 

Now,  returning  again  to  our  point  of  departure  in  th^  &c\i<c&^»sni6 
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valley,  we  can  trace  tbe  Lower  Helderberg  group  of  beds  to  the  east 
and  south  everywhere  underlaid  by  the  Water-lime  formatioD. 
The  blue  line  marked  upon  the  map  indicates  the  geographical  ex- 
tension of  the  formation,  which  is  everywhere  marked  by  its  charac- 
teristic fossils,  and  everywhere  resting  on  the  Water-lime  bed^ 
through  all  its  meanderings  caused  by  the  plications  of  the  strata 
through  south-eastern  New  York,  Pennsylvania,  and  Maiyland. 

The  Coralline  Limestone  can  be  traced  southward  for  fifty  miles 
along  the  Hudson  Hiver  valley,  but  is  lost  to  observation  near  the 
southern  limits  of  the  State,  and  I  do  not  know  that  the  same  or 
equivalent  formation  has  been  recognized  in  Pennsylvania  or  Maiy« 
land.  In  some  parts  of  Maryland  at  least  the  Water-lime  rests  on 
shales  of  the  Clinton  Group. 

Hetuming  again  to  the  i)oint  of  first  starting,  we  are  not  able  to  take 
up  a  continuous  line  of  outcrop  ;  but  the  Lower  Helderbeig  gronp 
has  been  determined  by  Sir  William  Logan  in  the  neighbourhood  of 
Montreal.  It  is  largely  developed  at  Gaspe  and  other  places  in 
Canada,  and  apparently  constitutes  the  main  feature  in  the  Limestone 
formation  of  this  age,  so  clearly  drawn  out  on  the  great  map  of  Sir 
W.  E.  Logan. 

Not  being  personally  familiar  with  this  area  of  country,  I  am  of 
course  unable  to  enter  into  the  details  r^arding  the  individual 
members  of  the  series ;  but  I  believe  that  throughout  this  great  ex- 
tent the  Niagara  group,  as  known  in  New  York  and  Canada  West, 
has  scarcely  any  existence. 

Whatever  Upper  Silurian  fossils  there  may  be  which  are  not 
strictly  referable  to  tlie  Lower  Helderberg  Group  are  from  beds  dis- 
tinctly separable  from  it,  and  lying  at  a  lower  horizon.  I  say  this  of 
my  own  })ersonal  knowledge,  having  critically  examined  the  collec- 
tions of  the  Geological  Survey  of  Canada  made  near  Montreal,  and 
at  Gaspe  and  elsewhere. 

So  far,  therefore,  we  find  both  the  physical  fact  of  super-position 
and  the  evidence  of  fossils  coinciding  to  prove  the  Lower  Helder- 
berg group  a  distinct  and  overlying  formation  to  the  Niagara  group, 
and  separated  from  it  by  the  Onondaga  Salt  group  and  Wator-lime 
formation,  wherever  these  latter  fonnations  exist. 

It  is  claimed,  however,  that  in  southern  Illinois,  Missouri,  and 
in  Tennessee  the  Niagara  and  Lower  Helderberg  groups  are  physically 
and  zoolopjically  inseparable.  Having  seen  these  formations  in 
Missouri,  1  am  prepared  to  assert  and  to  prove  that  the  Lower 
Helderberg  and  Niagara  fonnations  are  both  physically  and  by  their 
fossil  contents  distinguishable  the  one  from  the  other. 

W^ith  the  localities  in  Tennessee  I  am  not  so  familiar ;  but  from 
the  examination  of  large  collection  of  fossils  collected  in  that  region, 
and  from  the  sections  given  by  Prof.  Safford,  I  believe  the  formations 
to  be  quite  distinct.  It  happens,  however,  from  the  thinning  out 
of  the  Salt  Group,  and  Water-lime  formations,  that  the  disputed 
groups  of  strata  do  come  in  contact ;  and  the  facts  which  would  prove 
a  lapse  of  time  between  the  ending  of  the  one  and  the  beginning  of 
"  e  other  have  not  yet  been  observed,  or  if  ol>served,  have  not 
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While  therefore  the  actual  physical  and  zoological  distinction  can 
be  traced  in  a  westerly  direction  for  more  than  twelve  handred 
miles,  and  in  a  north-easterly  direction  for  six  or  eight  hundred  miles, 
and  for  an  equal  distance  in  a  southerly  and  south-westerly  direction, 
I  can  scarcely  suppose  that  the  few  facts  observed  within  limited 
areas,  and  not  yet  submitted  to  the  test  of  comparison,  will  change 
the  views  of  geologists  upon  the  distinctive  character  of  these 
formations. 

In  bringing  this  brief  rdsumS  before  the  G^logical  Sectfon  of  the 
British  Association,  I  have  indulged  in  the  hope  that  the  facts  might 
be  of  some  use  in  a  comparison  with  British  Middle  and  Upper 
Silurian  formations,  which  can  be  so  dearly  recognized  in  Canada 
and  the  United  States. 


V. — ^NOTB  ON  THB  MlDFORB  SaNDS. 

By  H.  B.  Woodward,  F.G.S^ 
Of  the  Geological  Survey  of  £ngland  and  Wales. 

mHE  term  "  Midford  Sands  "  suggested  by  Professor  Phillips  ^  for 
I  the  Sands  which  occur  between  the  Inferior  Oolite  and  the 
Upper  Lias  Clay,  gives  us  a  very  happy  name,  and  one  that  has  been 
long  wanted  for  these  beds ;  for  hitherto  although  they  have  been 
called  by  many  names,  not  one  has  been  generally  adopted.  They  were 
first  discovered  and  studied,  so  Professor  Phillips  tells  us,  by  William 
Smith,  in  the  picturesque  cli£f  which  overhung  his  house  at  Tucking 
Mill,  near  Midford — a  little  hamlet  about  three  miles  south  of  Bath, 
and  situated  in  one  of  those  delightful  valleys  formed  by  the  river 
Avon  and  its  tributaries.  The  deposit  was  called  by  him  "  Sand 
of  the  Inferior  Oolite,"  and  so  it  was  known  until  Dr.  Wright 
in  1856'  called  the  classification  into  question  on  pala&ontological 
grounds,  and  maintained  that  the  fossil  evidence  indicated  that  the 
Sands  belonged  rather  to  the  Lias  than  to  the  Inferior  Oolite.  He 
gave  them  the  name  of  "Upper  Lias  Sands,"  by  which  they  have 
since  been  usually  designated.  The  classification  of  Dr.  Wright  has, 
however,  been  objected  to,  and  it  may  therefore  be  interesting  briefly 
to  review  some  of  the  opinions  in  regard  to  this  question,  stating 
also  that  most  recently  given  by  Professor  Phillips. 

Dr.  Wright  pointed  out  that  wherever  the  Sands  are  well  exposed 
(and  he  gave  sections  in  Gloucestershire  and  Dorsetshire),  they  are 
overlain  by  a  brown  iron-shot  marly  limestone  containing  "an 
immense  quantity  of  individuals  of  several  species  of  Ammonites, 
Nautili  and  Belemnites,  with  a  few  shells  of  other  MoUusca,"  and 
he  maintained  that  this  "Cephalopoda  Bed"  in  its  organic  remains 
belonged  rather  to  the  Lias  than  to  the  Oolite  formation.  The  Sands 
below  he  found  to  pass  insensibly  into  the  clays  of  the  Upper  Lias. 

Mr.  Moore,^  however,  has  disputed  these  conclusions.    He  remarks 

1  Geology  of  Oxford  and  the  Vallej  of  the  Thames,  p.  109. 

>  Quart.  Joum.  Geol.  Soc,  toI.  xii.,  p.  292. 

>  On  the  Middle  and  Upper  Lias  of  the  South-west  of  England.  Proc.  Somerset 
Arch,  and  Nat.  Hist.  Soc.,  toI.  xiii.,  1865-6. 
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that  the  faimas  of  the  Upper  LSm  and  Sands  aie  ywy  dSUSadL  m 
geneial  faoieB,  and  that  many  Ammoniftea  paaa  from  Vtm  Sindi  iiit» 
3ie  Inferior  Oolite  above.  Tlie  Sanda,  moreafery  he  states  am  cAn. 
inseparable  from  the  Inferior  Oolite  into  which  they  paaa  gndndlf 
up^i^adB ;  while  he  mentiona  that  at  Oomptm,  near  Sbiuban^  flii 
upper  surfaoe  of  the  Upper  Lias,  oompoeed  of  thin  baiida  of  dijai 
atone,  ''was  mndh  enraed  before  the  depoaition  of  the  Ocdiba  bdt 
aboTOy  a  oiroamstanoe  observable  wheiever  the  jtmntann  of  fta 
Upper  Liiui  with  the  Sands  is  exposed." 

This  last  statement,  however,  is  at  variance  with  thai  of  oAv 
observers,  who  regard  the  beds  aa  pasaing  one  into  the  o4her;  §aim 
the  fossil  evidenoe  tends  to  confirm  the  opinion,  vre  aie  mclinscl  to 
TQgiuid  the  appearanoe  of  eroaion  as  a  looal  peooliarily.  Unf ortnnsftelj 
the  junction  of  the  Sands  with  the  Lias  is  very  larelT  seen  in  seotioB, 
although  usually  it  is  clearly  marked  by  springs  wnioh  aie  tfaxom 
oat  by  the  Upper  Lias  Clay. 

Judging  solely  from  Dr.  Wrig^f  s  list  of  fosnls  ire  find  ifat 
taking  into  consideration  the  Cephalopoda  alone»  the  Sanda  sn 
more  nearly  related  to  the  Upper  Liaa ;  while  arguing  from  As 
Oasteropoda,  Conchifera,  and  JBrabhiopoda,  they  aie  moiie  dosefy 
allied  to  the  Inferior  Oolite. 

Therefore  the  painontological  evidence  cannot  be  looked  upon  m 
decisive  for  referring  the  Sands  more  particularly  either  to  As 
Upper  Lias  or  the  Inferior  Oolite,  but  that  it  agrees  vrith  the  eri- 
dence  afiforded  by  the  rocks  of  a  gradual  change. 

This  is  indeed  the  opinion  arrived  at  by  Mr.  Lycett^  in  theCottet- 
wold  Hills.  Here  he  has  called  the  Sands  the  '*  Cynocephala  stage," 
from  their  being  characterized  by  BhyncTionella  cynoc^JuUa,  whidi 
occars  in  the  "Ammonite  bed"  (=" Cephalopoda  bed"  of  Dr. 
Wright).  He  observes  that  it  is  a  stage  "  possessing  some  featnns 
both  petrographic  and  zoological,  which  seem  to  claim  for  it  a  posi- 
tion intermediate  and  connecting  the  Lias  with  the  Inferior  Oolite." 
He  considers  that  the  group  of  fossils  found  in  the  "  Ammonite  bed" 
differs  very  materially  from  the  Upper  Liassic  fauna,  and  that  even 
the  evidence  afforded  by  the  Ammonites  is  "transitive"  in  iti 
character.  He  also  alludes  to  the  division  between  the  "  Ammonite 
bed  "  and  the  Oolite  above,  as  being  often  very  indistinct. 

Professor  Phillips'  has  pointed  out  the  transitional  character  of 
the  Midford  Sands  as  a  very  general  fact  in  Yorkshire,  Linoolnshireb 
'Gloucestershire,  and  Dorsetshire ;  that  they  were  "  deposited  on  the 
Upper  Lias  clay  in  such  a  manner  as  often  to  defy  the  geologirt  to 
draw  a  hard  line  between  them,"  and  that  "  the  Oolite  above  seems 
to  connect  itself  with  equal  affinity  to  shelly  calcareous  rock  [the 
Cephalopoda  bed]  at  its  base."  And  in  regard  to  the  organic  re- 
mains, he  remarks  that,  "  before  the  Liassic  life  has  come  to  an  end, 
the  Oolitic  life  has  begun." 

It  is  important,  however,  to  notice  the  statement  of  Mr.  Moore  in 

*  The  Cotte8i?6ldH\\\ft.  H^eiU'aL-^ooVmXx^A^Q^^ftT^Xft^^a^^ 
pp.  16-33.   (London,  1%61 .    ^^o.^ 
»  Op.  «!<.,  p.  lis. 


JT.  B.  Woodward — On  the  Midford  Sands.  515 

regard  to  the  indication  of  a  slight  lapse  of  time  between  the  con- 
clusion of  the  Upper  Lias  and  the  commencement  of  the  Midford 
Sands  in  the  Somerset  and  Dorset  area,  where  we  have  such  afeeble 
representative  of  the  former.  Indeed,  but  for  Mr.  Moore's  patient 
investigations  it  would  be  but  little  known  in  this  area,  for  his 
observations  show  that  it  attains  but  an  average  thickness  of  8  feet 
in  Somersetshire  and  the  adjoining  portions  of  Dorset.  It  has 
therefore  been  generally  too  thin  to  trace  out  on  the  small  scale  of 
the  Greologioal  Survey  Map ;  but  its  presence  was  indicated  and  a 
small  exposure  mapped  near  Sandford  Orcas  more  than  twenty  years 
ago  by  Mr.  Bristow. 

Although,  as  Mr.  Moore  points  out,  these  Upper  Lias  beds  ''present 
a  remarkable  variety  in  lithological  condition,  indicating  that  thoy 
must  have  been  deposited  sldwly,  and  that  there  were  probably 
periods  of  rest  during  their  accumulation,"^  yet  it  becomes  an 
interesting  question  when  we  compare  this  feeble  representative 
of  the  Upper  Lias  with  the  great  thickness  it  reaches  in  the  north 
of  England,  to  speculate  as  to  whether  Oolitic  conditions  may  not 
have  commenced  somewhat  earlier  in  this  part  than  elsewhere. 

Professor  Buckman  has  recently  given  his  opinion  in  regard  to 
the  Sands  near  Sherborne  in  Dorsetshire,  that  they  belong  to  the 
Inferior  Oolite  series;  that  the  concretionary  masses  interbedded 
with  the  sands  contain  fossUs  essentially  Oolitic,  and  not  Liassic.  He 
considers  them  to  be  the  equivalents  of  the  Middle  and  of  a  portion 
of  the  Upper  division  of  the  Inferior  Oolite  of  Gloucestershire,  and 
the  **  Cephalopoda  Bed  "  of  this  district  he  states  to  be  at  the  top, 
instead  of  at  the  base  of  the  Oolite.' 

This  opinion  shows  the  difficulty  of  correlating  these  divisions  of 
the  Secondary  rocks  with  any  exactness.  Indeed  we  are  inclined  tq 
think  it  impossible,  and  to  look  upon  the  whole  of  the  rocks,  the 
Keuper,  the  Lias,  and  the  Oolites,  as  one  conformable  series,  marked 
for  convenience  into  certain  stages  of  sedimentary  deposit,  which  are 
also  characterized  by  certain  assemblages  of  organic  remains ;  but  we 
do  not  think  that  these  stages  continued  uniformly,  or  that  they  were 
of  a  like  dm-ation  over  any  large  area,  the  conditions  changing  a^ 
different  times  in  different  places.  In  this  way  we  may  understand, 
some  of  the  marked  differences  in  thickness  of  the  rocks,  which  do 
not  seem  always  to  be  accounted  for  by  rate  of  deposition,  and 
certainly  do  not  admit  of  denudation  to  account  for  their  attenuation. 
We  may  mention  the  Fuller's  Earth,  which  attains  a  thickness  of 
400  feet  in  Dorsetshire,  which  entirely  disappears  to  the  north-east 
beyond  Gloucestershire,  as  an  instance  of  a  deposit  contemporaneous 
with  others  of  a  different  character. 

The  subject  requires  much  study  before  we  can  look  upon  the 
Xiower  Mesozoic  rocks  as  a  series  of  interlacing  sediments.' 

>  Op,  cit.f  p.  17. 

»  Proc.  Geol.  Assoc,  toI.  ii.,  p.  249.  i 

>  Mr.  Bristow  has  prepared  an  interestingly  Table,  showing  the  thicknesses  of  the 
Secondary  strata  in  the  Southern  counties  of  England,  which  is  pubiiBhed  in  the 
Keport  01  the  Goal  Commission. 
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YI. — Account  of  an  Expedition  to  Qreenland  in  the  teab  1870. 

By  Prof.  A.  £.  Nobdexskiolo, 
Forei^  Correspondent  GeoL  Soc.  Lond.,  etc,  etc.,  etc. 

Fart  V. 

(Ocmtinued  from  page  463.) 

NOTWITHSTANDING  the  very  inconsiderable  amount  of  snlphnr 
it  contains,  this  Greenland  iron  has  a  remarkable  tendency  to 
&1I  to  pieces  by  the  action  of  the  air.  The  weathering  depends  on  an 
oxidation,  probably  produced  by  a  quantity  of  chlorine  contained  in  tiie 
iron,  and  its  great  porosity;  nevertheless,  some  of  the  phenomeitt 
connected  with  the  weathering  still  appeeu:  to  me  inexplicable.  I 
ahall  therefore  somewhat  more  fully  detail  the  observations  and  expe- 
riments made  towards  explaining  this  very  disagreeable  circumstance. 

The  Ovifak  meteoric  iron  does  not  fall  to  pieces  at  the  place  whero 
it  was  found,  though  sometimes  washed  by  the  sea,  sometimes  left 
bare  ;  but  on  the  shore  it  was  preserved  at  the  temperature  of  the 
sea,  which  varies  but  little  during  the  whole  year. 

Even  during  the  passage,  when  the  masses  lay  packed  in  wooden 
chests  in  the  hold,  and  were  exposed  to  a  very  moist  atmosphere  and 
at  a  temperature  but  little  above  freezing-point,  the  unbroken  stones 
did  not. suffer  perceptibly;  whereas  almost  all  the  fragments  packed 
in  tho  same  manner  split  into  pieces,  more  particularly  those  which 
I  had  preserved  in  the  heated  cabin. 

From  some  of  the  pieces  of  iron  se^-green  drops  oozed  out,  which 
afterwards  became  reddish  brown  by  the  action  of  the  atmosphere. 
They  contained  protochloride  of  iron  \y\\h  traces  of  sulphate. 

One  of  the  larger  pieces,  which,  after  our  return  home,  was  placed 
in  a  room  of  ordinary  temperature,  soon  began  to  crack  on  its  sur- 
faci*.  aiul  ultimately,  when  unpacked  two  months  later  in  Stockholm, 
crumbled  to  a  reddish  brown  powder,  consisting  partly  of  a  fine 
rust  powder,  partly  of  angular  bits  of  iron,  rusty  on  the  surface,  and 
varying  in  magnitude  from  the  size  of  a  pea  to  that  of  a  hemp-seed. 
An  Liitirely  unchanged,  and  therefore,  on  a  fresh  surface  of  frac- 
ture still  metallic,  portion  of  Stone  4,  began  at  one  comer  to 
rust,  swell  and  crumble,  while  the  remainder  of  the  iron  remained 
unaltered.  The  rust  spread  itself  like  a  fungous  growth  over  the 
rest  of  the  piece,  and  extended  itself  to  the  interior,  which  tbereujKjn 
swelled  and  crumbled  like  an  eflioi-escent  salt.  During  this  time  the 
weight  of  tho  piece  of  iron  increiised. 

AV tight  of  a  fragment  of  iron  when  packed  29*935  gr. 

„  „  after  129  days    30*143  gr. 

Weight  of  the  unchanged  iron   24'529  gr. 

so  that  O'-iOG  gr.  had  weathered  away  to  a  rusty -brown  powder  and 
daring  this  time  had  increased  in  weight  0*208  gr.  or  3*8  i>er  cent. 

In  a  hermetically  sealed  glass  tube  the  iron  was  completely 
unchanged. 

In  a  glass  tube,  that  had  been  hermetically  sealed,  but  in  which  a 
e  crack  had  taken  place  in  cooling,  the  iron  continues  to  crumble 
^u  a  eudiometer  ovet  mex^wr^ ,  \.W  \xQi\i.  m  «.  f^w*  days  absorbed  a 
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considerable  amount  of  oxygen,  in  consequence  of  whicli  the  mercury 
rises  in  the  tube. 

In  alcohol,  the  iron  does  not  crumble.  In  water,  it  mats,  but  does 
not  appear  to  fall  to  pieces. 

In  air  dried  by  sulphuric  add  the  crumbling  process  takes  place 
slowly. 

Varnishing  does  not  fully  protect  these  pieces  of  iron  from  weather- 
ing, not  even  if  immersed  in  warm  copal-varnish.  I  thought  at  first 
that  the  cracking  was  the  result  of  the  contracting  and  shrinking  of 
the  mass,  but  this  is  not  the  case.  On  the  contrary,  the  cracking 
is  caused  by  dilatation.  With  what  force  this  operates  may  be 
judged  from  the  fact,  that  a  piece  of  iron,  on  which  chisel  and  saw 
are  without  effect,  is  broken  or  bent  by  the  decomposition  of  the  mass. 
In  general,  crackis  first  appear  at  right  angles  to  the  surface  of  the 
stone ;  these  diverge  as  from  a  centre,  and  at  a  depth  of  a  few  lines 
below  the  surface  of  the  stone  meet  a  crack  that  runs  parallel  with 
the  surface,  which,  by  the  swelling  of  the  overlying  crust,  is  soon 
formed  into  a  little  dome,  sometimes  an  inch  in  height.  In  the 
mean  time  the  overlying  crust  is  raised,  doubled  up  and  broken  in  a 
manner  which  bears  a  striking  likeness  to  the  doubling  of  the 
stratified  rocks  by  the  so-called  eruptive  forces, — ^that  is,  if  one  sup- 
poses that  the  cracks,  instead  of  being  empty,  are  filled  with  detritus, 
which  gradually  hardens  to  an  ''eruptive"  rock. 

When  fragments  of  the  largest  stone  weighing  134  gr.  were 
heated  to  redness,  they  parted  with  nearly  two  litres  c^  gas,  or  about 
100  times  the  volume  of  the  iron,  as  also  a  considerable  amount  of 
water,  which,  like  the  gas,  had  a  bituminous  smelL  The  gas  was 
clearly  no  primary  constituent,  but  formed  partly  by  the  decomposition 
of  oi^anic  matter  in  the  meteorite,  partly  by  the  reducing  operation 
of  compounds  containing  carbon  on  the  oxide  of  iron  in  the  meteorite, 
which  was  found  to  be  completely  reduced  at  the  termination 
of  the  experiment.  On  the  iron  being  dissolved  in  chloride  of 
mercury,  only  a  trifling  quantity  of  gas  was  emitted,  probably 
coming  from  the  pores  in  the  iron.  In  hydrochloric  and  nitric  acid 
the  meteoric  iron  is  dissolved,  leaving  in  some  cases  a  residue 
containing  much  carbon,  in  others  very  little  residue  at  all.  The 
.gas  that  escapes  during  solution  in  hydrochloric  acid  has  a  most 
penetrating  smell,  probably  due  to  some  hydrocarbon.  On  dissolving 
Ovifak  iron,  which  has  been  heated  to  redness,  in  air  or  oxygen,  in 
acid,  there  often  remains  a  flocky,  voluminous,  brown  material  soluble 
in  warm,  but  hardly  so  in  cold  water,  which  in  ammonia  is  very 
easily  dissolved,  forming  a  dark  brown,  almost  opaque  fluid.  The 
same  material  is  obtained  from  the  carbon  that  remains  after  the 
solution  of  the  iron  in  acids.  It  can  again  be  precipitated  by  means 
of  acids  from  the  ammoniacal  solution,  though  not  quite  completely, 
BO  that  the  acid  solution  is  also  brown,  but  of  a  very  light  tint. 
This  material  is  a  humus-like  compound,  which  probably  did  not 
originally  exist  in  the  meteorite,  but  arises  from  the  solution  of 
the  carboniferous  iron  in  acids.^   This  humus-like  body  can  be  broken. 

^  A  similar  subjtance,  obtained  by  diasolTmg  Vton  coii\a^vQ%  c»a^XL>'^a^ 
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up  only  with  difficulty  by  long  boiling  in  strong  nitric  acid  or  ehlonto 
of  potash  and  hydrochloric  acid. 

The  following  analyses  have  been  made  of  this  iron  from  Oviikk:— 
I.  Analysis  of  a  fraraent  from  one  of  the  large  stones,  by  A.  £.  Xofdenskioli 

Ik  Analysis  of   a   specimen    of  more    compact    iron,  by    Th.    Nonbtrika. 

in.  Analysis  of  iron  with  conspicnons  WidmuiBtattian  figores  firom  the  baolt 

ridge  by  Q.  lindstrom. 


■•• 


Nickel     ...     .,.     ... 

Cobalt     

Copper    ...     , 

Alumina , 

Ljme       ...    ...    ••< 

Magnesia , 

Potash     ...    ...    ... 

O'KXo*  •  •        ••«        •••        ••< 

Phosphorus     , 

Sulphur 

Chlorine , 

Silicic  acid      

Insoluble jportion    ...      -- 

Carbon,   Organic  matter, 

Oxygen,  and  Water  (loss) 


••• 


••• 


) 


I. 

84-49 

248 

O-07 

0-27 

hardly  perceptible! 

0-04 
scarcely  enough 
to  weigh. 
0-20 
1-62 
0-72 

scarcely  perceptible 
005 

10-16 


10000 


n. 

in. 

86-34 

93-24 

1-64 

1-24 

e-36 

056 

019 

019 

0-24 

0-48 

0-29 

some  traces. 

•  07 

008 

0-14 

012 

0-07 

0-03 

0-22 

1-21 

116 

1 

016 

0  66 
4-37 

1       0-59 

3-71 

{ 

C.  2  SO 
H.  007 

10000 


99-79 


I.  Contained  scarcely  any  traces  ofsiHcio  acid,  alumina  or  lime.  The 

iron  was  therefore  entirely  free  from  silicates,  although  large  lumps  of 
basalt  wore  finuly  rusted  on  to  the  surface  of  the  meteorite,  and  one  or 
two  fragments  of  basalt  surroimded  with  iron  could  be  observed  witliiii 
the  iron  near  the  surface.  Even  before  heating  to  redness,  i.  emitt^i^l 
a  good  deal  of  water  and  gas,  as  much  apparently  as  amoimted  to 
about  100  times  the  volume  of  the  iron, — ^that  is  to  say,  considerably 
more  than  the  iron  examined  in  Analyses  i.  and  ii.  This  explains 
the  large  loss  in  i.  The  specific  gravity  of  i.  was  ascertained,  from 
two  (porous)  fragments  of  some  grammes  weight,  to  be  6*36  and 
6-86.  The  smaller  sjiecific  gravity  here  arises  evidently  from  tlit; 
large  quantity  of  airbonaceous  matter  that  is  contained  in  this  iron. 
Nordstrom  obtained  the  specific  weight  of  ii.  from  two  experiments 
on  small  pieces  =  7-0o  and  7*06.  Lindstrom  found  the  specific 
gravity  of  iii.  at  17^  C.  to  be  equal  to  6-24:.  Tlie  iron  employed  in 
Analysis  ii.  was  loss  crystalline  and  more  compact  than  that  usoii 
in  Analysis  i.  It  was  haid  to  break,  and  small  grains  could  l»e 
hammered  flat  without  disintegration.  In  Analyses  ii.  and  iii.  the 
materials  examined  were  in  external  appearance  precisely  alike,  and  I 

mentioned  by  Bcrzelius,  in  AfhandL  %  Fysiky  Kemi  och  Mineralogi,  When  iron  contain- 
ing- carbon  is  dissolved  in  hydrochloric  acid  of  proper  strength  and  temperaturt. 
nor  only  is  this  humus-like  matter  generated,  but  hydro-carbons  also,  and  (according: 
to  a  statement  made  to  me  by  Prof.  Eggertz)  even  fluid  hydro-carbons,  the  atomic  com- 
position of  which  is  very  complicated.  "We  have  here,  then,  a  method  for  attempting 
tlu'  synthesis  of  organic  substances  from  their  inorganic  components  unemployeJ 
hitherto,  as  far  as  I  am  aware,  in  synthetic  organic  chemistry.  Iron  containiM 
carbon  was  pointed  out  by  Birzelitts  in  1818  (Aph.  i.  Fysik,  Kemi,  etc.,  vol.  v.  p.  534^ 
OA  an  inorganic  material  which  might  serve  as  a  means  /or  the  synthetical  formatim 
of  organic  compounds. 
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therefore  consider  it  as  probable  that  the  material  of  ii.  also  was 

£roiu  the  basalt  ridge,  although  it  had  afterwards  crumbled  apart 

IT.  Analysis  of  the  silicate  that  remained  nndissolred  in  AnalysiB  u.  by  Br.  Th. 
Nordstrom,  t.  Analysis  of  api®^  ^f  hasalt  firmly  msted  on  to  the  sur&ce  of 
the  largest  meteorite,  dj  Dr.  Th.  Nordstrom. 

IT.  V 

Silicic  Add 61-79  ...  44'oi 

Alumina  28  81  ...  14*27 

Sesquioxide  of  Iron 1-45  ...  8*89 

Protoxide  of  Iron   —  ...  14*76 

Magnesia 2*83  ...  8*11 

Lime 8-88  ...  10*91 

S^^)(^<«i^<^l^ded)...  2-29  ...  {5:^][ 

100*00  ...  99*62 

Yi.  and  Yii.  Analyses  of  the  carbonaceous  matter  in  the  iron  of 
II.  by  Nordstrom,  33-0479  gr.,  gave  after  first  treating  with  chloride 
of  copper,  and  afterwards  with  chloride  of  iron,  4*79  per  cent,  of  a 
carbonaceous  matter,  containing  42*58  per  cent.  ash.  An  elementary 
analysis  of  this  carbonaceous  matter,  deducting  the  ash,  gave — 

VI.  VII. 

Carbon 63*69  ...  63*64 

Hydrogen 3-26  ...  3*66 

Oxygen  (loss  included). .        33'16  ...  32*81 

100-00  ...  100-00 

The  substance  is  not  soluble  in  either  {Jcohol,  ammonia,  or  potash, 
and  evidently  consists  of  a  mixture  of  organic  matter,  water  and 
carbon. 

The  discovery  at  Ovifak  is  remarkable,  not  only  as  the  largest  dis- 
covery of  meteoric  iron  hitherto  known  to  have  been  made,  but  also 
as  that  which  is  richest  in  carbon,  excepting  the  carbon  powder  that 
feU  at  Hessle.  Add  to  this,  the  remarkable  circumstance,  partly  that 
lenticular  and  discoidal  pieces  of  native  iron  occur  at  the  same  place 
in  the  underlying  basalt,  partly  that  basalt  pieces  of  considerable 
size,  in  numerous  spots,  form  a  crust  on  the  larger  meteorites,  and 
are  even  sometimes  met  with  driven  through  the  surface  into  the  iron. 
Nevertheless,  in  spite  of  this,  it  appears  to  me  that  there  cannot  be  a 
doubt  of  the  reaUy  meteoric  origin  of  the  large  masses.  Their  form, 
their  composition,  their  appearance,  sufiiciently  indicate  this.  To  ex- 
plain the  occurrence  of  meteoric  iron  together  with  basalt  we  must 
then  assume : 

(1)  Either  that  the  ridges  po  and  oh  (see  map^)  are  only  apparently 
in  solid  connexion  with  l£e  rock,  but  are  really  only  fragments  of  one 
large  meteorite  of  20  to  40  feet  in  diameter,  formed  principally  of  a 
mass  of  basalt-like  matter,  with  balls  of  iron  disseminated  through  it, 
that  has  fallen  at  this  spot  This  assumption  would,  however,  be  too 
hazardous,  and  is  rendered  improbable  by  the  circumstance  that  the 
basalt  that  surrounds  the  meteoric  iron  is  perfectly  similar  to  the 
exact  variety  of  the  Greenland  basalt,  which  forms  the  rocks  of  the 

^  PubUshed  with  Fart  II.  in  the  August  ii\niiW,^.^b^* 
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locality.^  The  greatest  part  of  tlie  stone  mass  into  wbidi  the  iitm 
particles  are  scattered  is.  however,  very  unlike  genuine  basalt,  and  in 
external  appearance  rather  resembles  the  meteoric  stone  frum 
Tanaccra  Pass,  in  ChilL  Time  has  not  yet  permitted  a  moro  ac- 
curate investigation. 

Or,  (2)  tliat  the  whole  fall  of  meteoric  iron  took  place  dmiog  the 
periiHl  when  the  piling  up  of  these  Greenland  basalt  rocks  was  in 
progivss,  i.e.  during  the  latter  portion  of  the  Cretaceous  and  the  hegin> 
ning  of  the  Tertiary  periods.  Some  of  the  pieces  of  meteoric  iron 
have  iullou  to  iron-dust,  and  filled  cracks  in  the  basalt,  where  they 
have  again  hardened  into  the  iron  above  described  as  found  in  tb 
ridgo  FG.  Of  similar  origin  are  also  the  particles  of  native  iron 
in  tlio  lKu>iUt  lying  nearest  the  iron,  which  occasionally  has  a  oonglo- 
morate-liko  structure. 

As  considerable  masses  of  iron,  of  a  composition  probably  very 
simihir  to  that  of  meteoric  iron,  without  a  doubt  occur  in  the  interior 
of  the  earth,  it  may  bo  suggested  that  the  Ovifak  iron  may  be  of 
telluric  origin,  and  Uiat  it  has  been,  together  with  the  plutonic  rocks, 
tlin.>\vu  up  dining  the  eruptions  that  have  given  rise  to  the  vast 
strata  of  basalt  in  this  neighbourhood.  But  not  only  does  the  fully 
marked  meteoritic  form  of  tlie  many  iron  pieces  militate  against  this 
supposition,  but  also  tlie  circumstance  that  the  iron  in  question— as 
the  facts  of  its  containing  organic  matter,  its  porosity  etc.,  show— 
has  evidently  never  been  heated  even  to  a  temperature  of  a/ew  hundred 
degrees. 

Xoithor  is  it  possible  that  these  masses  of  iron  can  have  arisen 
from  tlio  roiluctiou  by  gases  develoi>ed  in  coimexion  with  l>asalt 
tMuptioiiH  of  (i  ferruginous  mineral.  Iron  pyrites  cannot  be  reduceil 
1»V  those  means,  while  no  oxide-of-iron-mineral  containing  nickel, 
ami  at  the  sjimo  time  almost  free  from  lime  and  silica,  is  known. 
'J'ho  formation  of  the  iron  from  chloride  of  iron,  which  had  been 
erupted  from  the  interior  of  the  earth  and  since  been  reduced, 
can  hardly  1)0  supposed.  The  explanation  I  have  given  above,  that 
the  iron  is  the  result  of  an  unusually  rich  Miocene  fall  of  meteoric 
iron,  sooms,  therefore,  to  me  most  plausible. 

Oberg  also  was  fortmiate  enough  to  meet  with  a  piece  of  me- 
teoric iron  from  the  neighbourhood  of  Jakobshavn.  He  received 
the  piece,  which  weighed  7^^  Skalpund  (71b  Avoird.),  from  Dr. 
Pfaff,  of  Jakobshavn.  This  piece,  which  is  now  preserved  in  the 
Eiks  Museum  at  Stockholm,  is  an  oval  lump,  with  a  somewhat 
rough  surface,  consisting  principally  of  very  hard,  tough,  not 
crumbling  iron.  On  being  sawn  through,  it  presented  the  api)earance 
of  a  mass  of  iron  grains  welded  together,  here  and  there  impregnated 
with  a  basalt-like  black  silicate.  On  etching,  fine  Widmanstiittian 
figures  are  obtained.  We  have  not  had  time  to  analyse  it,  and  I  need 
'  not  therefore  dwell  longer  on  the  description  of  it,  esi)ecially  if,  as 
is  greatly  to  be  wished,'*  the  three  larger  iron  blocks  left  at  0\'ifak 

^  Only  the  basalt  in  some  parts  of  the  ridge  fo  and  oh,  but  not  the  basalt  from 
^—districts  of  Disko  and  Noursoak,  does  contain  native  iron. 

have  aboTe  mentioned)  tXie  ^^e«^jv^  Qcq^^tsivslicsqX.  ^tlI  Cor  this  purpose 
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shonld  be  brought  home,  in  which  case  I  shall  be  enabled  to  give  a 
complete  account  of  all  the  Greenland  discoveries  of  iron,  together 
with  more  analyses.  I  will  here  simply  enumerate  the  discoveries 
of  iron  hitherto  made  on  the  western  coast  of  Greenland. 

(1).  Boss  and  Kane*8  discovery  of  iron  in  Davis  Sirait — ^According 
to  these  famous  polar  na  ^gators,  the  Esquimaux  in  North  Greenland 
make  knives  and  instruments  of  iron  from  some  large  blocks  situated 
probably  somewhere  to  the  north  of  Upemivik. 

(2).  Eink^s  discovery  of  iron  at  Niahomak,  JaJcohshavn  District — 
In  1847  Bink  found  in  the  possession  of  some  Greenlanders  an  iron 
ball,  which  they  said  they  had  found  in  a  plain  covered  with  boulders 
near  the  mouth  of  the  Anorritok  Biver.  It  weighed  219),  with  a 
specific  gravity  of  7-02.  Analysed  by  Forchammer.  Crumbling 
scarcely  perceptible. 

(3).  BudolpKs  discovery  of  iron  at  Fortune  Bay, — ^A  piece  of  iron 
weighing  11,844  gr.  was  found  by  Colonial  Gtevemor  Budolph 
among  ballast  that  had  been  taken  in  at  Fortune  Bay.  The  iron 
crumbles  much,  and  belongs  probably  to  the  same  fall  as  the  iron 
found  at  Ovifak. 

(4).  Fiskemdss, — ^A  small  piece  of  metallic  iron  was  found  by 
Bink  at  Fiskemass  in  South  Greenland.  The  iron  was  declared  by 
Forchammer  to  be  of  meteoric  origin. 

And  lastly : — 

(5).  The  Pfaff-Oherg  iron  from  JaJcohshavn, 

(6).  The  iron  discovered  at  Ovifak, 

Lastly  it  should  be  mentioned,  that  the  old  northern  chronicles 
state,  that  during  the  time  the  old  colonies  existed  in  Greenland, 
80  violent  a  shower  of  stones  once  happened  that  several  churches 
and  other  buildings  were  destroyed. 

It  is  remarkable  that  Giesecke,  in  his  many  years  of  travel  in 
Greenland,  should  not  have  met  with  any  meteoric  iron,  whereas  he 
mentions  ^at  huge  balls  of  iron  pyrites  were  found  in  the  sand-beds 
of  the  basalt  formation.  We  also  met  with  some  such  balls  at  an 
elevation  of  a  couple  of  hundred  feet  above  the  sea,  between  Ujara- 
Busuk  and  KudHset  They  were  as  much  as  from  3  to  4  feet  in  di- 
ameter, spherical,  and  lay  loose  in  the  sand  dose  to  a  basalt  dyke. 
Nevertheless,  they  did  not  contain  pyrites,  but  a  mineral  (not  yet 
analysed)  like  magnetic  pyrites  of  a  very  unusual  appearance. 


In  our  excursions  round  Disko  Bay  and  the  Waigat,  I  availed 
myself  of  such  opportunities  as  offered  themselves  for  astronomical 
determinations  of  localities.  These  have  since  been  calculated  by 
Mr.  Edward  Jaderin,  and  a  detailed  account  of  them  will  hereafter 
be  published.  Here  I  shall  only  append  a  table  of  the  results  of  the 
calculations,  together  with  a  copy  of  a  part  of  Bink's  map  of  North 
Greenland,  corrected  according  to  these  geographical  determinations, 

an  expedition  to  Greenland,  1872,  which  succeeded  in  bringing  home  not  only  the 
three  meteorites  of  21,  8,  and  4  tons,  but  also  seyeral  smaller  ones  of  from.  K.  Usk  QA<\ 
kilogr. 
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•nd  a  small  number  of  angular  meamues.  Hie  plaoea  wboae  mmSam 
were  astronomioally  determined  l^  ni  are  on  t&emapmariEed  wi&a 
oroes.  Spots  wlGere  fossil  plants  were  disoorered  are  diatingiiidwd 
by  a  different  mark. 

Qvogtnibktl  Tktatwam&am  made  in  ih«  BneditioB  of  187^ 

lijX.JidniiL 

N.UI. 
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Pattorfik.  Sea-shore  400  feet  south- 
east of  mouth  of  river    

Omenak,  New  Col.  Government  house 
Kome,  deserted  house    
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It  was  hardly  compatible  with  Dr.  Berggren's  and  Oberg*8 
botanical  and  zoological  interests  to  participate  in  the  long,  tedious, 
boat  excursions  Dr.  Nordstrom  and  I  intended  to  make  round  the 
shores  of  Disko  Island  and  Noursoak  peninsula,  and  accordingly,  as 
above  stated,  after  the  excursion  to  Kaja,  our  little  expedition  divided 
itself  into  two  parties  on  the  31st  of  July.  The  proceedings  of  the 
one  party  I  have  already  related :  concerning  those  of  the  other,  Dr. 
Berggren  has  made  the  following  communication  : — 

**  It  was  Aug.  1,  at  5  a.m.,  that  we  took  leave  of  each  other,  Prof 
Nordenskidld  and  Dr.  Nordstrdm  to  proceed  to  the  peninsula  of 

Noursoak,  Dr.  Oberg  and  I  to  continue  our  zoological  and  botanical 
researches  up  to  the  mouth  of  the  Waigat.  Olaushavn,  which  formed 
our  principal  station  from  the  1st  to  the  ISth  of  August,  offered-H>n 
account  of  the  roominess  of  the  Colonial  Gfovemor's  house,  whidi 
was  placed  at  our  disposal — a  convenient  place  for  arranging  snd 
preseiving  the  collections  made  in  the  previous  boat  excursions,  bat 
which  it  had  previously  been  impossible  to  treat  with  sufficient  caro. 
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For  tbe  purpose  of  dredging,  for  whicli  two  crews  were  sometimes 
employed,  new  men  were  obtained  from  Claushavn,  and  those  we 
had  hitherto  employed  were  dismissed  home.  The  country  round 
about  the  colony  is  a  plain  rich  in  flowers,  surrounded  by  hills  of 
only  a  few  hundred  feet  high,  with  a  fenny  moor-land  soil,  and  a 
fnnall  lake  in  the  middle.  This,  like  other  lakes  in  the  neighbour- 
hood, was  interesting  both  in  zoological  and  in  botanical  respects,  on 
account  of  three  phanerogamous  plants,  not  previously  met  with  in 
€hreenland,  being  there  found.  As  the  stay  of  nearly  two  weeks  which 
we  made  here  happened  just  when  the  phanerogamic  flora — ^which,  in 
consequence  of  the  varied  nature  of  the  ground,  is  here  very  richly 
represented — ^is  in  its  fullest  flower,  and  as  moreover  the  moss-flora, 
for  the  same  reasons,  is  one  of  the  richest  in  the  gneiss-regions,  and 
the  dredgings  brought  in  a  number  of  marine  algse,  the  botanical 
collection  made  at  Claushavn  forms  a  considerable  part  of  the  whole. 

''We  left  Claushavn  iA  the  afternoon  of  the  13th  of  August,  and 
after  three  or  four  hours  rowing,  passed  the  ice-stream,  just  at  that 
moment  giving  off  its  ice  into  the  sea,  to  Jakobshavn.  In  conse- 
quence of  the  vicinity  of  that  colony  to  the  ice-stream,  the  dredging 
here  produced  an  interesting  collection  of  marine  animals,  as  weU  as 
of  algaa,  among  which  was  the  Laminaria  aolidungtda,  previously  only 
known  as  belonging  to  Spitzbergen.  The  ruins  and  dirt-beds  at  the 
old  deserted  site  of  Sermermiut  were  examined,  and  both  from  thence 
and  other  places  a  number  of  flint  tools  were  collected.  The  country 
immediately  around  the  colony  consists  of  low  rounded  hills,  but 
further  inland  lies  a  tolerably  extensive  plain,  with  marshy  soil  and 
some  lakes,  which  is  again  inclosed  by  higher  mountain  ridges. 
This  likeness  to  the  environs  of  Claushavn  causes  the  vegetation  at 
the  two  places  to  be  generally  of  a  similar  nature. 

"  Aug.  19.  At  11  A.M.  we  left  Jakobshavn,  and  steering  our  course 
northward,  arrived  in  the  evening  at  the  mouth  of  lUartlek.  After 
passing  through  the  narrow  entrance  to  that  fjord,  inclosed  on  either 
side  by  lofty  cliffs,  where  there  is  a  very  strong  current,  we  en- 
camped at  11  P.M.  beside  a  little  calm  harbour  in  the  peninsula, 
which  separates  the  two  arms  of  the  gulf. 

On  the  20th  and  2l8t  dredgings  and  botanical  excursions  were  made 
into  the  inner  part  of  the  gulf,  extending  nearly  up  to  the  inland  ice. 
It  was  from  this  point  that  Whymper  and  Brown  ascended  the  inland 
ice  in  1867.  I  occupied  myself  principally  with  examining  the 
vegetation  of  the  mountain  tops,  which  do  not  here  usually  exceed 
1000  feet  in  height  Instead  of  the  fine  weather  which  had  hitherto 
favoured  us,  on  the  21st  of  August  it  began  to  rain,  which  hindered 
our  work,  and  the  rain  flowed  down  in  such  quantities  from  the 
mountain  slopes  over  the  spot  where  our  tent  stood,  that  we  were 
obliged  to  leave.  To  get  under  cover  we  first  rowed  to  the  Green- 
landers'  houses  at  Pakitsok.  Eain  and  contrary  winds  detained  us 
in  these  cottages  (uninhabited  during  the  summer)  till  the  afternoon 
of  the  2drd  of  August,  when  we  departed  for  Ritenbenk,  where  we 
arrived  in  the  night  between  the  23rd  and  24th  of  August. 

''  In  contrast  to  the  southern  side  of  DidLO  ^%i^  ^  >i!QL^  xiiQkXxs^fi^Vk  ^^ 
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the  norfliem  ride,  sboat  Ilhiilek  and  ArfoprindmiB  Skni, 
times  attain  a  he^it  rf  2000  feet,  and  fteqiienthr  tenninate  towndi 
the  sea  in  peipenmcidar  walla.  In  oonaeqiicpee  of  flda  gi  m\m  lai^liti 
liie  anow  Iiea  tibeve  longer  in  liie  Bummer,  whioh  glwaa  liaa  %i 


Btant  nunstiiiecmtliehill-alopea;  and  theae  two  ciiimmataniw  pwh 
dooealandaoapeandaTegetetianrfadianelar  diflerenft  fhntton 
oC  the  more  aoatfaem  legiona.  Oeveial  oc  tiia  Tallajja  cm  ArvspniB* 
tens  Island,  as  wdl  as  theb  ftedi-walnr  lakea  and  aniTOBndb^ 
tain  heighta,  were  Tisitod  by  ns.  F^om  Bitenbenk  wb  nnffhwrtocfc  (A^^B* 
29th,  Sept  let)  a  boat  ezonrnon  to  Kikertak  IidMid,inae  ioMat 
of  a  Qord  on  tiie  Bonthem  part  of  Nonrsoak  peninadla*  Iked^ghM 
were  made  in  the  water,  here  ohiUed  by  the  ioe-atream  of  Tinaiikataly 
and  ezioiirBions  were  undertaken  along  the  hill-alopea  of  Noraaoak 
peninsula  to  Mi^jonoeitriak,  witii  tiie  Tiew  of  stodying  tlie  wyilaftiB 
of  that  deaolate  looalify,  where  betts  of  inland  ioe  eoctend  in  tMfixB 
of  glacien  into  the  'valleys,  which  in  many  parta  are  almoat  banb 
covered  with  stone  bonldars,  and  with  lit&  lakes  ttfc  the  bottom* 

The  Tessel ''  ^jnkan,'*  hired  by  the  Danish  Trade,  had,  on  the  2M 
of  August,  arriyed  atKtenbeuk,and,asthetimefiyr  onrietamhone 
was  fiiirt  approadung,  we  sailed  on  tiie  7th  of  September  W  that 
to  GodhaYn,  where  Nordstrom  had  already  amved.  Tlie  boCaniod 
and  soologioal  excursions,  which  on  our  former  Tisit  to  this  pboe  in 
July  had  been  interrupted  by  the  preparations  for  boat  jounieji» 
were  now  resumed,  wlule  the  vessel  lay  at  GodhaTn  to  nmoad  m 
reload* 

"  Frequent  falls  of  snow  announced  the  approach  of  ¥mit0r.  On 
the  18th  September  the  "Ejukan"  weighed  anchor  for  Sukkertoj^ea 
(the  Sugar-loaf),  in  South  Greenland.  When,  on  the  22nd  of  S^ 
iember,  we  reached  that  colony,  the  winter  had  already  oommenoed, 
and  snow  a  foot  deep  covered  the  ground.  Though  the  vessel  cleared 
by  the  4th  of  October,  we  were  detained,  by  contrary  winds  and  the 
consequent  fisulure  of  our  repeated  attempts  to  get  out  of  the  harbour, 
till  the  2lBt  of  October.  Favoured  during  the  rest  of  the  voyage  b^ 
a  fair  wind,  which  for  some  days  on  the  Atlantic  rose  to  a  storm, 
we  arrived  at  Eleven,  in  Norway,  on  the  11th  of  November,  whence 
we  started  by  steamboat,  and  arrived  at  (Gothenburg  on  the  17th  of 
November." 


I. — ^Thb  Physical  Qeoloot  and  Qeoobapht  of  Great  BniTAnr. 
By  k.  C.  Eamsay,  LL.D.,  F.E.S.  Third  Edition,  8vo.,  pp. 
849.     (London:  Stanford.) 

AS  a  true  philosopher  ought  to  subordinate  everything  to  his  love 
of  truth,  one  of  his  principal  characteristics  must  ever  be  a 
teudency  to  change  opinion  with  the  progress  of  discovery,  without 
regard  to  his  reputation  for  consistency.  Among  *the  gieat  living 
philosophers  whose  opinions  have  changed  on  many  important 
subjects,  we  must  include  PTofeeieor  Eamsay.  It  is  true  that  such 
ohanges  of  opinion  are  not  cekso!bi\^  \a  \ns\^  Hi&s^  ^^^osi&tk^'iKixild 


Reviews — Bamsaf/'a  Physical  Oeology.  6S6 

rith  confidenoe  in  the  latest  conclusions  at  which  geologists  may 
rrive,  bnt  the  answer  to  this  is  simply  that  it  cannot  be  helped. 
Ve  must  not,  however,  overlook  the  historical  fact  that  it  is  possible 
Dr  a  philosopher  to  alter  his  opinions  for  the  worse  as  well  as 
3r  the  better,  and  even  to  change  his  ideas  to  such  an  extent  as  to 
>ring  him  back  to  the  point  whence  he  set  out. 

The  late  Earl  Bosse,  a  truly  great  man,  commenced  his  observa- 
ions  in  the  belief  that  there  are  many  nebulsB  incapable  of  being 
Bsolved  with  the  most  powerful  telescopes;  in  other  words,  that 
lere  are  nebulsB  strictly  so  called  in  addition  to  distant  nebulous- 
x>king  clusters  of  stars.  By  and  bye,  however,  he  happened  to 
Bparate  a  number  of  the  most  hazy-looking  nebulee  into  discrete 
tars,  and  this  led  him  to  conclude  that  with  instruments  of  suffi- 
ient  spaoe-penetrating  power  all  nebuhe  might  be  separated  or 
Bsolved.  After  his  death,  however  (if  not  before),  by  a  new  and 
idependent  method  of  observation,  in  connexion  with  the  adapta- 
Lon  of  the  spectroscope  to  the  telescope,  the  theory  of  the  stellar 
ature  of  all  nebulae  was  dissipated,  and  astronomers  were  brought 
ack  to  the  old  doctrine  of  La  Place  and  Herschel  I.,  namely,  that 
kiere  are  many  di£fused  nebulosities  in  which  a  process  of  condensa- 
ion  into  suns  and  planets  has  either  not  commenced  or  is  more  or 
38S  advanced.  Nor  is  this  somersault  to  which  nebular  astronomy 
as  been  subjected  altogether  without  a  parallel  in  what  may  yet  be 
)und  to  have  been  a  chapter  in  the  annals  of  geology. 

Many  years  ago  the  author  of  the  work  before  us  made  a  survey 
f  South  Wales,  with  a  special  reference  to  the  effects  of  Denudation. 
[e  noticed  the  fact  that  the  ravines  excavated  by  the  present  fresh- 
rater  streams  exhibit  al^  abrupt  commencement  on  a  pre-existing 
>rm  of  ground  consisting  of  plateaux,  escarpments,  wide  valleys, 
nd  passes.  This  partly  led  him  to  conclude  that  the  broader  and 
lore  open  depressions  must  have  been  left  by  the  sea,  and  that  the 
reat  escarpments  of  the  Black  mountain,  and  the  Brecon  and  Caer- 
larthen  Fans,  were  formed  by  the  *'  Atlantic  breakers  "  during  one 
r  more  submersions  of  the  land.  In  his  Survey  Memoir  on  South 
Vales  the  marine  theory  id  ably  advocated  and  beautifully  reasoned 
x>m  the  premises  assumed,  namely  that  sea-wavea  are  capable  of 
reducing  the  above  effects.  It  would  appear  that  a  more  extensive 
oquaintance  with  the  mode  of  wave-action  on  coasts  must  have 
artly  led  Professor  Kamsay  to  see  the  truth  of  the  great  and  impor- 
mt  doctrine  that  littoral  wave-action  generally  tends  to  form  "  plains 
f  marine  denudation'*  by  shaving  oif  the  summits  of  eminences 
B  they  are  trying  to  emerge  from  the  waters,  or  by  wearing  back 
Liff-lines  whUe  the  land  remains  at  a  stationary  level,  or  while  it 
)  slowly  and  uniformly  rising — in  the  latter  case  causing  inelined 
lains  of  denudation;  and  though  it  follows  from  this  theory  that 
Boarpments  must  have  been  left  whore  the  planing  action  of  the  sea 
)lt  off  (and  it  is  simply  incredible  that  all  the  escarpments  so  left 
liould  since  then  have  vanished,  while  so  many  terraced  plateanx 
ad  table-lands  have  remained),  the  discovery  of  escarpments  in  the 
>fter  or  more  vertically  varied  formationa  ^hiok  ^^-t^Ks^sMs^^^a^ 
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follow  the  strike  of  the  beds,  oonpled  with  the  fact  that  the  strike  is 
generally  ignored  by  littoral  marine  action,  naturally  led  to  the 
belief  that  such  escarpments  were  formed  by  an  agency  which  is 
either  free  to  run  along,  or  only  capable  of  running  along,  the  soft 
outcropping  strata.  It  was  likewise  clearly  perceived  that  littoral 
marine  action  cannot  originate  narrow  valleys  which  ramify  from 
lower  to  higher  levels.  It  is  not,  therefore,  surprising  that  the 
school  of  geologists  led  by  Professor  Ramsay  should  have  found 
themselves  driven  to  the  agency  of  "  rain  and  rivers  "  as  the  (mly 
resource  left,  more  especially  as  "the  inimitable  Playfeir"  long 
before,  and  Greenwood  and  Jukes  at  a  later  period,  had  ably  applied 
the  rain-and-river  or  subaerial  theory  to  the  explanation  of  longi- 
tudinal valleys  and  transverse  gorges. 

It  is  very  obvious  that  the  subaerial  theory  has  been  partly  founded 
on  the  belief  that  no  agency  excepting  rain  and  rivers  will  explain 
the  phenomena  above  specified.  This  theory  takes  for  g^ranted  that 
there  is  ''no  wasting  action  "  under  the  surface  of  the  sea  (see  p.  69 
of  the  work  under  review).  But  as  the  spectroscope  proved  the 
existence  of  gaseous  nebulse  after  the  idea  had  been  rejected  on 
astronomical  grounds,  so  discoveries  connected  with  hydrodynamical 
science  are  now  beginning  to  show  that  denudation  must  take  place 
not  only  at  small  depths  beneath  the  surface,  but  at  the  bottom  of 
deep  seas.  It  is  impossible  for  cold,  dense  under-currents,  such  as 
those  brought  to  light  by  deep-sea  dredgings,  to  impinge  on  the 
sea-bottom,  without  exerting  a  wasting  influence ;  and  as  none  of 
those  currents  are  probably  violent  enough  to  wear  away  sot^  and 
hard  parts  alike,  or  to  ignore  the  strike  of  submarine  strata,  we  niay 
reasonably  conclude  that  they  are  capable  of  doing  much  of  what  has 
been  theoretically  attributed  to  the  diffused  action  of  rain,  and  a 
part  of  what  has  been  referred  to  rivers.  But  admitting  that  many 
broad  excavations,  troughs,  and  passes,  were  slowly  wasted  out,  and 
escarpments  left,  before  the  land  rose  above  the  sea,  we  can  no 
longer  dispute  that  rain-torrents,  rivers,  and  ice  have  since  then 
modified  the  surface  of  the  land  to  a  very  great  extent. 

In  the  work  before  us  the  enormous  extent  of  the  denudation  to 
which  Great  Britain  has  been  subjected  is  clearly  proved  by  sections 
and  arguments,  and  this  part  of  the  work  is  especially'  valuable. 
The  cause  of  the  denudation  resolves  itself  into  the  comparatively 
unimportant  question  of  fresh  or  salt  water.  Though  many  will  not 
agree  with  Professor  Ramsay  in  his  preference  for  fresh  water,  all 
will  admire  his  beautiful  explanation  of  the  manner  in  which  the 
denudation  has  been  achieved ;  and  in  connexion  with  this  subject 
his  work  contains  some  very  important  original  contributions  to 
geoloi^ical  science. 

We  have  said  so  much  on  denudation,  that  we  have  little  space 
left  to  notice  the  work  in  detail.  The  first  four  chapters  are  on  the 
CIas^ifiGation  of  Rocks,  the  Ages  and  Successive  Depositicm  of 
Stratified  Formations;  Synclinal  and  Anticlinal  Curves;  Denudations 
^hanical  and  Chemical  Action;  Metamorphism,  Shrinkage,  and 
ince  of  the  EailWa  Ctviat,  ^tjc.    These  chapters  include  the 
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elements  of  geology,  written  in  an  easy  and  very  readable  style. 
As  might  be  expected,  they  come  thoroughly  np  to  the  present  state 
of  the  science ;  and  as  every  small  text-book  on  geology  with  which 
i?7e  are  acquainted  is  very  far  behind  the  present  state  of  the  science, 
i?7e  should  like  to  see  these  chapters  printed  and  sold  separately. 
The  tendency  among  elementary  compilers  to  place  granite  and  the 
metamorphic  rocks  at  the  base  of  the  stratified  formations  is  here 
strongly  negatived;  and  the  ill-founded  tendency  still  lingering 
among  many  well-informed  geologists  to  refer  inclinations  and  con- 
tortions of  strata,  and  the  elevation  of  mountain  chains,  to  "  direct 
igneous  action  operating  from  below,"  is  as  clearly  exposed.  ''  As  the 
earth  cooled  and  gradually  shrunk  in  size,  the  hardened  crust,  in  its 
efforts  to  accommodate  itself  to  the  diminishing  bulk  of  the  cooling 
mass  within,  became  in  places  crumpled  again  and  again  .... 
along  lines  more  or  less  irregular,  producing  partial  upheavals." 
pp.  48,  43.* 

The  greater  part  of  the  work  is  on  the  stratigraphical  structure 
of  Great  .Britain,  especially  England  and  Wales.  The  glacial  and 
post-glacial  epochs  come  in  for  three  chapters.  The  author  still 
believes  in  the  submergence  of  North  Wales  to  a  vertical  extent  of 
at  least  2,000  feet,  but  he  assigns  a  greater  thickness  to  the  land-ice 
than  he  formerly  did.  He  now  believes  (and  we  do  not  see  how  any 
one  well  acquainted  with  the  subject  can  divest  himself  of  the  belief) 
that  the  mountains  of  Scotland,  Cumberland,  etc.,  were  ''literally 
buried  in  ice."  The  limited  space  allotted  to  the  subject  of  drift- 
deposits  did  not  permit  the  author  to  enter  much  into  detail ;  but  the 
reader,  nevertheless,  cannot  fail  to  be  delighted  with  the  mass  of 
varied  and  wonderful  information  concerning  the  Post-tertiary  history 
of  our  planet  to  be  found  between  p.  136  and  p.  194.  Chapter  xiii. 
is  on  British  Climates,  Bainfall,  and  Areas  of  Biver  Drainage. 
Chapters  xiv.  and  xv.,  on  the  Origin  and  Dates  of  Biver- valleys 
and  Gravels,  are  the  most  original  in  the  book,  and  will  afford  a 
capital  exercise  for  the  reasoning  faculties  of  the  well-informed 
reader.  Chapters  xvi.  and  xvii.  are  on  practical  and  economical 
subjects,  namely,  the  Qualities  of  Biver-waters  and  Soils.  The  great 
variety  of  topics  contained  in  the  work  is  ultra- varied  by  a  chapter 
on  the  Belation  of  the  Different  Baces  of  Men  in  Britain  to  the 
Geology  of  the  Country.  The  last  chapter  is  on  the  Origin  of  Lodes, 
tiie  Origin,  Extent,  Form,  and  Duration  of  Coal-fields  (with  a  beau- 
tiful section  across  the  Pennine  Hills),  the  Economic  Uses  of  Iron- 
stones, Clays,  and  Chalk-flints,  Building-stones,  Bock  Salt,  Gypsum, 
etc. 

We  fear  we  have  given  the  reader  but  a  very  imperfect  idea  of  the 
varied  and  important  contents  of  Professor  Bamsay^s  work.  It  must 
be  read  to  be  fully  appreciated.  It  will,  no  doubt,  be  in  the  library 
of  every  true  geologist,  and  it  ought  to  be  in  the  library  of  every 

^  The  distension  consequent  on  npheaval  would  cause  fractures  by  which  the  direc- 
tion of  subsequent  denudation  would  be  guided ;  but  unless  the  fnctures  were  yery 
large,  or  accompanied  by  faults,  it  would  be  unreasonable  to  look  for  traces  of  their 
existence  in  the  valleys  supposed  to  occupy  their  places.    ProfoBMt  BjMDaK>|  \&  ^  ^ 
different  opinion.    Seep.  116. 
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Rchoolmaster  and  schoolmistress  in  the  kingdom,  and,  we  might  add, 
every  landed  proprietor.  The  beautifully  coloured  Geological  M^ 
of  Great  Britain,  at  the  commencement  of  the  volame,  is  worth  at 
least  half  the  price  of  the  work,  which  is  only  7«.  6dL  This  edition 
may  almost  be  regarded  as  a  new  work.  D.  31 

n. — Pbooekdings  of  the  Bbistol  Naturalists'  Socibtt,  vol.  vL, 

1871. 
"TTTE  generally  look  to  our  local  societies  for  observations  on  the 

V  V  Natural  History  of  the  neighbourhood  which  it  is  their  special 
province  to  investigate — indeed  most  of  them  were  formed  for  this 
purpose.  Our  Bristol  friends  last  year,  however,  seem  to  have  found 
nothing  new  to  say  about  their  own  country,  and  so  the  only  geolo- 
gical papers  relate  to  distant  parts, — the  valley  of  the  Thames  in 
Berkshire,  the  shores  of  Waterford  Haven,  and  the  neighbourhood 
of  Edinburgh.  We  think  it  is  rather  a  mistake  to  publish  sudi 
papers  in  the  journal  of  a  local  society ;  we  do  not  mean  to  discourage 
the  bringing  together  of  facts  from  other  parts :  but  if  the  paper  be  a 
record  of  any  new  facts,  it  is  apt  to  be  lost  sight  of  and  is  unknown 
to  those  who  wpuld  perhaps  be  specially  interested  in  it. — Fort- 
Major  Austin  read  a  paper  on  his  discovery  many  years  ago  of 
Silurian  fossils  at  Duncannon,  Wexford,  which  were  identified  by 
Mr.  Salter  as  belonging  to  the  Llandeilo  Flags. — Mr.  E.  W.  Claypole 
read  a  paper  on  the  development  of  the  Carboniferous  system  in  the 
neighbourhood  of  Edinburgh ;  and  another  ou  some  Gravels  in  the 
Valley  of  the  Thames  near  Wallingford,  in  Berkshire. 

THE  Diyi\ING-ROD  IX  SOMERSETSHIRE. 
SiK, — One  would  imagine  that  the  Divining-rod  or  Dowsing  fork 
had  become  a  thing  of  the  past — that  in  these  *'  enlightened ''  days, 
no  man  could  go  about  with  a  forked  hazel-twng  pressed  to  his  ribs, 
and  believe  it  could  indicate  a  coal-crop,  a  metalliferous  deposit,  or  a 
water-supply.  Yet  there  are  some  who  still  cling  without  question 
to  the  faith  of  their  fathers,  on  the  principle  that  as  it  was  in  the 
beginning  it  should  be  now,  and  so  although  I  experienced  a 
sensation  of  great  surprise,  and  almost  of  incredulity,  yet  the  fact 
appears  that  on  the  Mendip  Hills  the  Divining-rod  is  still  used. 
I  was  staying  a  few  days  ago  at  the  little  hamlet  of  Gumey 
Slade,  near  Oakhill,  and  went  to  look  at  a  shaft  that  was  being  sunk 
for  iron-ore,  not  far  from  the  decayed  George  Inn.  Several  trial 
holes  had  been  made — and  some  I  was  told  by  an  intelligent 
miner  had  been  made  at  the  instigation  of  the  Divining-rod !  Although 
a  little  iron  had  been  found,  and  some  calamine  too, — both  of  which 
would  most  probably  be  found  anywhere  in  the  Dolomitic  Conglome- 
rate of  the  Mendips, — ^yet  the  ores  were  very  poor,  and  the  works 
would  no  doubt  soon  be  abandoned.  I  have  heard  that  a  few  of 
the  old  Cornish  miners  still  retain  some  belief  in  the  efficacy  of  the 
^  lyining-rod,  but  I  was  not  prepared  to  find  it  still  being  used 
g^ide  to  mining  en\^r^T\Be.  ^.  B,  Woodwabd. 
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I. — On  Obithopsis  BoNNSTh  ^  new  Fossil  Cbustaosan. 

Bj  Jambs   Ca&tbb,    M.K.C.S.,    etc. 
(PLATE  XIIL  PIG.  1.) 

ra  paper, "  On  the  Gteology  of  the  South  Coast  of  England,"  pub- 
lished in  the  Transactions  of  the  Geological  Society,  vol.  i., 
2nd  ser.,  pi.  iii.,  fig.  2,^  p.  42,  Sir  H.  de  la  Beche  has  figured  a 
crustacean  from  the  Greensand  of  Lyme  Hegis,  to  which  he  has  not 
applied  any  name,  or  given  any  other  description  than  that  it  is  ''the 
back  of  a  singular  fossil  crab."  The  specimen  is  imperfect,  and  not 
very  accurately  drawn ;  but  Prof.  Bell,  in  his  monograph,  published 
by  the  Palseontographical  Society  (1862),  expresses  his  opinion  that 
it  is  an  ''  unmistakeable  figure  "  of  Necrocarcinus  tricarinaiua. 

A  crustacean  from  the  Gault  of  Folkestone  is  figured  and  described 
by  Mr.  Woodward  in  the  Gkoloqioal  Magazine,  VoL  V.,  PI.  XIV., 
Fig.  4,  p.  259,  which  he  regards  as  also  a  specimen  of  N,  tricari- 
naius.  Unfortunately  the  anterior  portion  of  the  carapace  is  broken, 
and  does  not  exhibit  the  important  characters  of  the  orbito-frontal 
region. 

The  well-preserved  specimen  from  the  Greensand  of  Lyme  Eegis, 
figured  in  PI.  XIIL,  Fig.  1,  has  been ,  recently  added  to  the  Wood- 
wardian  Museum  at  Cambridge,  and  I  have  a  smaller  one  from 
the  same  locality  in  my  own  collection. 

There  cannot,  I  think,  be  a  doubt  but  that  the  crustacean  figured 
by  Sir  H.  de  la  Beche  and  by  Mr.  Woodward,  as  also  the  specimens 
from  Lyme  Eegis,  are  all  examples  of  one  and  the  same  species. 
It  is,  moreover,  evident,  as  Mr.  Woodward  observes,  that  this  species 
is  generically  distinct  from  Necrocarcinus  Woodwardii  and  N.  Bechei, 
I  would  add  that  it  is  equally  distinct  from  N.  tricarinatua.  Indeed, 
so  far  as  I  know,  it  is  not  referable  to  any  described  genus.  I  there- 
fore propose  to  establish  a  new  one,  which  I  would  designate 

^  Not  fig.  1,  as  stated  by  Mr.  Woodward  and  Prof.  Bell   in  their  respective 
papers. 

VOL.  ZL, — mo.  en.  ^^ 
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OriihopM,  from  the   apparent  affinity  to   the   recent    Ortikpa.   I    i 
dedicate  the  species  to  the  Kev.  T.  G.  Bonney,  of  St,  John's  College,    i 
Cambridge,  whose  cwjtive  interest  in  the  advancement  of  geological 
science  is  attested  by  his  frequent  and  valuable  oomnianications  to 
this  and  to  other  scientific  journals. 

In  general  form  this  species  has  so  great  a  resemblance  to  Neero- 
carcinus  iricarinatuSf  as  at  first  sight  to  suggest  the  probability  thii 
the  difference  may  result  from  better  preservation  than  usual.  Closer 
examination,  however,  shows  that  the  two  species  are  really  distinct, 
and  that  the  modification  of  character  cannot  be  attributed  to 
attrition  or  any  other  accidental  cause.  Most  of  the  fossils  from  the 
Cambridge  Greensand  are  more  or  less  worn,  and  the  d^ree  to 
which  this  has  occurred  may  be  determined  by  comparing  them  with 
specimens  from  other  localities.  The  distinctness  of  the  two  fonns 
would,  moreover,  seem  to  be  conclusively  proved  by  the  occurrence 
of  both  of  them  in  the  same  "  gisement " — the  Gault  of  Ef»lkestone, 
as  I  recently  discovered  among  the  series  of  fossils  from  that  locality 
in  the  Woodwardian  Museum,  several  specimens  of  N.  trtcarinain^ 
precisely  identical  in  character  with  the  Cambridge  and  Wiltshire 
forms.  A  careful  examination  of  a  series  of  some  fifty  specimens 
convinces  me  that  N,  tricarinatua  is  a  good  species,  and  that,  so  far 
as  its  details  are  known,  it  is  properly  classified  witb  N.  WoodwarHi 
and  N.  Bechei, 

Ortfhopsis  difiers  from  all  the  species  of  Necrocarcinus  by  the  con- 
formation of  the  rostrum  and  of  the  orbital  regions,'  as  also  by  the 
greater  development  of  the  spines  of  the  an tero- lateral  margin. 
These  characters  can  scarcely  be  regarded  as  of  mere  specific  value, 
inasmuch  as  they  are  modifications  of  normal  and  typical  points  of 
structure,  and  therefore  have  a  morphological  signification  of  such 
importance  as  to  warrant  generic  interpretation  in  classification.  It 
is  almost  impossible  to  assign  the  zoological  affinities  of  the  genus 
with  any  precision,  as  the  structure  of  the  mouth,  abdomen,  and 
limbs  is  unknown,  and  consequently  we  have  no  knowledge  of  the 
important  functions  of  nutrition  or  locomotion.  So  far,  however,  as 
the  characters  of  the  carapace  will  indicate,  the  affinity,  as  Mr. 
Woodward  has  remarked,  is  rather  with  the  Portuntda  than  with 
the  Corijsti(l(e.  The  orbito-frontal  characters  are  very  similar  to 
those  of  Orithyia ;  but  the  armature  of  the  antero-lateral  margin — 
especially  the  well-developed  metabranchial  spine — approximates 
Matula.  The  zoological  position  of  Oriihopsis  would  appear  to  be 
between  those  two  genera. 

The  ])hYsiological  signification  of  that  remarkable  character — the 
carination  of  the  metabranchial  lobes — has  yet  to  be  determined; 
but  that  it  cannot  be  regarded  as  of  specific  value  only  is  demon- 
strated by  its  occurrence,  either  as  a  ridge,  or  as  a  row  of  tubercles, 
in  several  other  London-clay  genera — PortuniteSj  Campylostoma, 
Bhachiosoma,  etc. 

It  is  worthy  of  observation  that  in  Oriihopsis  the  marginal  arma- 
ture is  well  developed,  but  the  large  dorsal  tubercles  are  almost 
obsolete;  in  Nccrocarciuus,\iO'we^«t,  \}ciaT^N^T^^ occurs — the  dorsal 


James  Carter — On  a  New  Fossil  Crustacean.  531 

.taberclefi  being  more  developed  than  the  marginal  spines.  This  fact 
18  of  interest  as  an  indication  that  there  is  a  difference  in  the  morpho- 
logical signification  of  these  respective  characters. 

DtscripHoTi, — Generic  characters : — Carapace  rather  wider  than  long, 
rostmm  bifid,  orbits  opening  forwards,  orbital  lobes  well  developed, 
antero-lateral  margin  with  acute  spines,  gastric  regions  obscurely 
defined,  branchial  regions  distinct,  metabranchial  lobe  longitudinally 
carinsted. 

^  Orithopeis  Bonneyi  (Carter). — Dorsal  surface  of  carapace  con- 
siderably arched  transversely,  less  so  in  the-  direction  of  the  mesial 
ridge;  minutely  granidated,  and  still  more  minutely  punctated. 
AnterO'laiercd  margin  rounded,  rendered  irregular  by  the  unequal 

Srominence  of  the  hepatic  and  anterior  branchial  lobes.  A  well- 
eveloped,  acute,  slightly-curved  marginal  spine  arises  from  the 
hepatic  and  from  each  of  the  branchial  lobes,  that  from  the  anterior 
angle  of  the  metabranchial  being  the  larger;  a  fifth — the  stoutest  of 
the  normal  series — is  constituted  by  the  external  orbital  lobe. 
FosierO'lateral  margin  nearly  straight,  inclining  inwards  so  as  to 
render  the  posterior  about  equal  to  the  orbito-frontal  border. 
JSostrum  broad,  widely  bifid,  divided  into-  two-  stout,  slightly- 
diverging  lobes.  Orbits  opening  forwards,  bordered  above  by  two 
distinct  superciliary  lobes,  which  are  separated  from  each  other  by 
a  deep  sinus  and  from  the  external  orbital  lobe  by  a  sharp  fissure ; 
the  external  angle  of  orbit  much  produced,  extending  nearly  as  far 
forwarda  as  the  rostral  spines ;  all  the  orbital  spines  are  directed 
horizontally  forwards  and  outwards.  Orbito-frontal  region  measur- 
ing rather  less  than  half  the  greatest  width  of  the  carapace.  A 
distinct  sinuous  sulcus  separates  the  anterior  gastric  and  the  hepatic 
from  the  branchial  regions,  but  does  not  cross  the  dorsal  carina, 
ceasing  abruptly  at  the  point  of  junction  of  the  meso-  and  meta- 
gastric  lobes;  a  sulcus  completely  separates  the  posterior  gastric 
from  the  cardiac  regions.  Branchial  regions  sharply  defined;  a 
triangular  epibranchial  terminates  about  midway  between  the  margin 
and  the  median  dorsal  ridge,  and  is  marked  off  from  the  meso- 
branchial  lobe  by  an  undulating  sulcus  ;  a  similar  and  nearly 
parallel  groove — the  inner  half  of  which  is  obliquely  crossed  by  a  series 
of  elongated  fovesB — divides  the  meso-  from  the  metabranchial  lobes. 
The  metabranchial  and  cardiac  lobes  occupy  the  larger  posterior 
half  of  the  carapace;  a  prominent,  granulated,  longitudinal  ridge, 
slightly  inflected  in  the  middle,  carinates  each  metabranchial  lobe. 
A  median  carina  marks  the  anterior  two-thirds  of  the  carapace, 
extending  along  the  gastric  and  cardiac  regions.  There  are  a  few 
faintly- marked  large  tubercles,  of  which  two  occur  on  each  proto- 
gastric,  one  on  the  inner  portion  of  the  mesobranchial  lobe,  and 
three  or  four  on  the  median  ridge;  those  on  the  metabranchial 
carina  scarcely  distinguishable. 

Length  of  carapace*  1^  in.;  width  (not  measuring  marginal 
spines)  If  in. 

Localities, — Upper  Greensand,  Lyme  Begis,  and  Gault,  Folkestone* 
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The  following  differenoeB  of  character  will  diBtrngoiah  this  speeia 
ftom  Necrocardnns  tricarinaiui : — 

OrithoptU.  JfTecroeareimu, 

Bostmm  bifid.  Bostmm  acate,  triaiigiilir. 

Orbits  looking  forwirds ;  orbital  lobes  Orbits  open  above ;  orbital  lobei  nAa 

well  produmd.  emalL 

Antero-iateral  border  with  acute  epinea,  Antero-lateral  border  with  ihoit,  itoit 


of  which  the  metabranchial    is  the  apines,  of    which   the 

liireest.  ia  the  largest.                                       i  ; 

Width  of  orbito-frontal  region  not  ex-  Width  of  orbito-frontal  region  exoeifiif   \ , 

ceeding   half  the  greatest  width  of  half  the  greatest  width  of  caiapast 

carapace. 

Lurge  doraal  tnbercles  indistinct  Large  dorsal  tabercles  distinct 
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n. — Dmobiption    of    a    New    Fossil    BuTTicRri,Y  *    {SATTMntt 
Bbtnbsii),  found  at  Aix  in  Pboysnok. 
Bj  Samttbl  H.  ScfUDDSB,  Esq.,  of  Boston,  U.S. 
(PLATE  XIII.,  FIGS.  2  and  8.) 

DURING  a  recent  visit  to  the  Marseilles  Musenm,  and  iMib  1 
examining  the  rich  collection  of  fossil  insects  preserved  there,  *. 
my  attention  was  attracted  by  two  specimens  of  the  remains  ci%  \ 
fossil  butterfly.  Although  not  very  well  preserved,  nor  indeed  lo 
perfect  as  the  specimen  of  a  fossil  butterfly  from  the  same  formation, 
which  was  described  thirty  years  ago  by  Dr.  Boisdnval,  it  mi 
evident,  at  first  sight,  that  the  remains  in  question  belonged  to* 
different  species,  since  the  lateral  moulding  of  the  principal  wings 
was  very  much  inflated. 

No  similar  form  having  to  my  knowledge  been  described  from  the 
formation  in  which  this  was  found,  Dr.  Reynes,  the  eminent 
Director  of  the  Museum,  courteously  placed  in  my  hands  the  best 
specimen,  so  that  I  might  examine  it  more  attentively.  Tlie  second 
specimen  is  very  imperfectly  preserved,  but  nevertheless  it  un- 
doubtedly belongs  to  the  same  species. 

The  fossil  is  the  natural  imprint  of  a  butterfly — the  insect  being 
placed  on  its  side,  with  the  wings  elevated  one  against  the  other, 
the  logs  spread  out  as  if  it  were  suspended,  the  spiral  proboscis  un- 
rolled, and  the  antenna3  lo^vered  in  the  same  direction  as  the  legs.  The 
first  wing  on  the  right,  which  is  found  underaeath,  is  slightly 
turned  up  and  disturbed  along  its  margin,  which  shows  that  the 
specimen  has  undergone  great  maceration  in  quiet  water,  before 
being  covered  up  by  the  deposits  which  have  preserved  its  most 
essential  features.  The  condition  and  the  position  of  all  the  parts 
of  the  fossil  lead  us  to  conjecture  that  it  has  been  carried  away  to 
it«  fixed  place  of  repose  by  a  feeble  current,  which  has  left  its  most 
slender  organs  in  the  direction  which  it  took. 

It  is  evident  that  the  object  in  question  is  an  imprint,  for  the 
mouldings  of  the  uppermost  wing  are  imprinted  in  a  hollow  like 
those  which  may  be  observed  in  the  upper  part  of  the  wings  of  the 
living  Satyrides,  whilst  those  on  the  wing  which  is  below  are  re- 
produced in  relief,  as  may  be  observed  on  the  lower  surface  of  the 
'  Translated  from  t\ie  '^  B.e\ufe  ^^  U^jgasvxi  da  Zwila^e;*  1872. 
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lame  butterflies ;  that  is  to  say,  we  have  here  the  contrary  of  what 
^ould  be  produced  if  we  examine  a  living  butterfly  in  this  position. 

The  parts  which  we  have  before  us  are :  a  rather  badly  pre- 
lerved  body,  obscure  traces  of  the  last  palpal  articulation,  an 
intenna  (or  probably  a  portion  of  one  only),  a  spiral  proboscis  unrolled, 
he  two  hind  legs  and  portions  of  others,  the  greater  part  of  the 
rwo  first  wings,  and  fragments  of  the  base  of  the  second  wings ;  of 
heae  latter  all  the  borders  have  disappeared,  the  base  only  remains 
>f  some  of  the  nerves,  which  furnishes  scarcely  any  additional 
nformation  on  the'  pterology  of  the  insect.  The  only  portion  of 
he  edge  of  the  first  wings,  which  could  be  accurately  determined, 
3  the  most  essential  part ;  the  apex  of  the  left  wing  and  the  upper 
x>rtion  of  its  extreme  edge  suffice  to  indicate  that  its  general  con- 
our  was  similar  to  that  of  the  fluropean  Satyrides  of  the  present 
ime ;  but  one  could  easily  follow  the  traces  of  each  nerve  on  the 
ivhole  of  the  remains. 

The  essential  parts  of  the  first  wings  are  so  perfectly  preserved, 
hAi  entire  confidence  may  be  placed  in  the  character  of  the  re- 
Diainder.  It  is  difficult  to  discover  the  least  vestige  of  the  costal 
(nargin  on  the  specimen.  One  can  however  determine  with  almost 
ibsolute  certainty  its  points  of  contact  with  the  costal  nervure,  and 
the  two  first  upper  branches  of  the  sub-costal  nerve. 

In  regard  to  the  body  of  the  insect,  nothing  can  be  said  with 
precision,  unless  the  form  of  the  abdomen  and  the  appearance  of  its 
extremity  allow  of  its  being  considered  a  female,  which  had  de- 
posited the  greater  peui;  of  its  eggs,  or  in  which  they  were  only 
partially  developed. 

We  propose  to  call  it  Satyritea  Beynesii.  The  organization  of  the 
first  wings  does  not  seem  to  ofier  a  sufficient  relation  with  that  of 
any  known  genus  of  Satyrides,  to  allow  of  its  being  classed  with 
them ;  it  has  undoubtedly  close  affinities  with  the  distinctive  characters 
of  the  genus  Debts  (Lethef  Hiibn.),  as  it  has  been  described  by 
Messrs.  Westwood  and  Hewitson,  if  we  except  of  course  the  Papilio 
Partlandia  of  Fabricius.  It  is  interesting  to  observe  that  these 
authors  have  placed  this  group  just  beside  the  genus  CyUo  {Me- 
laniiis,  Fabr.),  in  which  Dr.  Boisduval  placed  the  fossil  species  of 
Aix,  which  he  named  C.  septdta.  Moreover,  it  is  not  less  interesting 
to  remark  that  all  the  living  representatives  oi  these  two  genera  are 
natives  of  India,  so  that  the  insects  which  approach  the  nearest  to  the 
fossil  butterflies  of  Provence  are  found  in  the  countries  of  the  East 

EXPLANATION  OP  PLATE  XIII.,  FIGS.  2  &  3. 
Fig.  2.  The  butterfly  as  it  appears  on  the  stone.    Natural  sise. 
Fig.  3.  A  first  wing :  tmoe  the  natural  size.    The  dotted  lines  represent  the  parts 
reconstructed  by  analogy. 

IIL — ^NoTE  ON  theKssults  of  someEeobktEksxabohes  among  the 
Gbaptolitio  Black  Shales  ov  the  South  of  Sootland. 

By  Ohablbs  Lapwobth,  Esq. 

IN  his  excellent  paper  on  New  Scottish  Graptolites,  published  in 
the  last  monthly  part  of  the  Oeoloqioai«  M.kQKX»c^^  "^x.  ^^^co^ 
TLopMason  inddentaUy  refers  to  the  varioua  ofiimoii%  \!i^i&\*\^N^\^ftKt^ 
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held  by  different  geologists  concerning  the  thickness  and  geological 
ftge  of  the  carbonaoeous  Graptolite-bearing  shales  of  South  Soodand. 
He  expresses  his  conviction,  derived  from  a  stady  of  the  fossils  thej 
afford,  that  there  is  bat  "  a  single  band  of  Graptolite  shale,  whid 
runs  through  the  Llandeilo  beds  of  South  Scotland,  there  beii^  in 
this  band  several  distinct  zones,  each  marked  by  a  different  assem- 
blage of  fossils,  but  with  many  species  in  common."  ^ 

Having  devoted  considerable  attention  to  these   peculiar  strata  | 
during  the  last  few  years,  I  wish,  in  anticipation  of  a  detailed  paper 
on  the  whole  subject,  to  give  a  very  brief  summary  of  the  main 
conclusions  at  which  I  have  arrived,  more  especially  in  reference  to 
those  points  to  which  Mr.  Hopkinson  has  alluded. 

Professor  Harkness,  who  first  called  the  attention  of  geok^istt 
to  these  beds,  gave  it  as  his  opinion  that  the  relations  of  these  Blade  I 
Shale  bands  to  each  other  is  such  as  to  prove  that  they  were  i 
originally  portions  of  the  same  deposit;  and  that  their  present  J 
position  is  probably  attributable  to  a  succession  of  faults,  which  ran  i 
through  the  district  in  the  direction  of  the  strike  of  the  rocks,  and  ] 
have  repeatedly  thrown  down  the  strata  in  a  N.N.W.  direction.*  He  | 
afterwards  somewhat  modified  this  opinion,  at  the  suggestion  of  Sir  ! 
E.  Murchison,  and  explained  their  present  relations  by  great  curva- 
tures of  the  strata,  the  upper  portions  of  which  have  been  denuded* 
He  also  believed  that  the  rocks  in  which  these  bands  are  imbedded 
are  tlio  equivalents  of  the  Caradoc  Sandstone  ;  while  Sir  K. 
Murchison  considered  that  they  more  nearly  represent  that  grear 
mass  of  Welsh  Schist  which  underlies  the  Bala  Limestone,  i.e.  of 
Upper  Llandeilo  age.* 

The  latter  view  of  their  age  has  been  imhesitatingly  adopted  by 
the  great  majority  of  Silurian  geologists,  and  it  will  require  no 
slight  weight  of  contrary'  evidence  to  disj^laco  it. 

The  theory  of  Professor  Harkness,  that  these  bands  are  simply 
repetitions  of  one  and  the  same  deposit,  has  gradually  given  way  to 
another,  viz.  that  there  are  several  distinct  bands,  or  gi'oups  of  bands, 
on  very  different  geological  horizons,  and  divided  from  each  other 
by  great  vertical  thicknesses  of  comparatively  unfossiliferous  strata. 
Tills  latter  theory  has  been  lately  adopted  by  the  Geological  Survey 
of  Scotland.  In  the  carefully  prepared  "  Explanation  to  accompany 
Sheet  15,"  the  Silurian  Bocks  of  Lanark  and  the  North  of  Dumfries 
are  arranged  in  descending  order,  as  follows : — 
IT.  Caradoc  or  Bala  Beds} 
Llandeilo  Beds, 

(g.)  Black  Shale  Group.     3400  feet 

(f.)  Zowther  Group,     oOOO  feet. 

(k.)  JIaggis  Bock  Group,     1800  feet. 

(d.)  Dalveen  Group,     2900  feet. 

(c.)  Daer  Group,     Thickness  not  ascertained. 

(B.)  Uartfell  (Black)  Shale  Group. 

(a.)   Queensherry  Grit  Group, 

^  Page  601.  •  Geol.  Joum.,  vol.  rii.,  pp,  51,  o2 

3  Geol  Journ. ,  vii., p.  1^1  -, lav.,^. *IV^.  *>  <atO^."i wsx\\..^x\\.,^. ^'d^  162. 

*  Explanation,  Sheet  \5>  Oeo\.fe\>x^«^w'<^s«A^^«^«  ^Sioa^A'^sW 
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Two  distinct  groups  of  Black  Shales  are  here  recognized,  and  they 
are  supposed  to  be  divided  from  each  other  by  at  least  10,000  feet 
of  intervening  unfossiliferous  strata.  The  whole  series  is  referred  to 
the  lAandeilo  generally,  and  the  higher  Black  Shale  Group  is  classed 
unhesitatingly  with  the  Upper  Llandeilo, 

In  a  paper  read  at  the  meeting  of  the  British  Association  in 
£]dinburgh,  in  August,  1871,  and  which  was  afterwards  published 
in  the  Geological  Magazine,*  Mr.  Jas.  Wilson  and  myself  ex- 
pressed our  belief  that  there  was  but  a  single  band  of  Black  Shale, 
that  it  lay  at  the  summit  of  the  Moffat  Series,  and  probably  formed 
a  connecting  link  between  the  Llandeilo  and  Caradoc  formations. 
A  short  notice  of  the  general  results  of  my  later  investigations  was 
given  in  a  paper  read  before  the  Geological  Society  of  Glasgow  in 
January  last,  an  abstract  of  which  appears  in  the  present  part  of  the 
Transactions  of  that  Society. 

Subsequent  researches  have  simply  more  clearly  proved  the  cor- 
rectness of  my  main  conclusions  as  there  given,  which  may  be  thus 
very  briefly  summarized : — 

There  is  but  a  single  group  of  these  carbonaceous  and  graptolitic 
shales,  of  from  500  to  600  feet  in  total  thickness.  This  group, 
which  may  for  the  present  be  called  the  Moffat  Shaie,  is  litho- 
logically  and  palsBontologically  separable  into  three  great  divisions, 
viz.  the  Lower,  Middle,  and  tfpper  Moffat  These  divisions,  which 
are  very  different  in  vertical  thickness,  each  contain  a  great  abun- 
dance of  Graptolites;  and  though  there  are  probably  nearly  a 
hundred  different  species  in  all  (of  which  at  least  one  third  are  as 
yet  nndescribed),  yet  so  restricted  are  they  in  their  vertical  distribu- 
tion, that  it  is  impossible  to  say  at  present  that  there  are  half  a  dozen 
forms  which  are  not  peculiar  to  one  or  other  of  these  divisions. 

The  major  divisions  naturally  subdivide  into  several  distinct  zones, 
each  characterized  either  by  the  exclusive  possession  of  some  well- 
marked  species,  or  by  the  constant  presence  of  some  peculiar  group 
of  species.  These  zones  are  easily  recognizable,  and  furnish  exactly 
the  same  fossils,  in  localities  as  much  as  forty  or  fifty  miles  apart. 

The  Lower  Moffat  contains  the  Graptolites  of  the  Hudson  Biver 
Group  of  America,  and  those  of  the  Llandeilo  beds  of  Portmadoc, 
and  is,  in  my  opinion,  of  Lower  Llandeilo  age.  The  Middle  Moffat 
appears  to  be  the  equivalent  of  the  Upper  Llandeilo  of  Builth; 
while  the  Upper  Moffat  is  decidedly  Caradoc,  The  Moffat  Shale, 
which  in  almost  every  case  comes  to  the  surface  along  anticlines 
of  the  strata,  passes  up  conformably  into  the  overlying  Gala  Group, 
(which  belongs  to  the  Upper  Caradoc  and  Llandovery  period)  in 
several  localities  in  the  southern  districts,  but  to  the  north  the 
basement  bed  of  the  latter  rests  usually  upon  the  Lower  Moffat  beds, 
80  that  there  appears  to  be  in  many  cases  an  entire  absence  of  Upper 
Llandeilo  and  Lower  Caradoc  rocks  in  that  direction,  the  Lower 
lAandeilo  being  succeeded  immediately  by  the  Upper  Caradoc. 

>  Vol.  VIII.,  p.  463. 
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lY. — On  thb  Miobosoopio  Stbuotttbk  of  ths  Pitohbtonxs  axd 

FSLSITES  OF  AbRAH. 

By   S.   Allpobt,  F.O.S. 

IN  my  last  communication^  I  gave  some  acoonnt  of  all  the  Tarietia 
of  Arran  pitchstones  then  known  to  me,  and  referring  to  other 
closely  allied  rocks,  intimated  an  intention  of  deiicribing  them  on 
another  occasion. 

A  second  visit  to  the  island  during  the  past  summer  has  not  only 
enabled  me  to  collect  the  requisite  materials,  but  has  also  supplied 
me  with  a  few  additional  varieties  of  pitchstone ;  some  remarkable 
for  their  microscopic  structure,  others  of  considerable  interest  to  the 
petrologist,  as  they  exhibit  a  transition  from  the  true  glassy  texture 
to  that  of  the  dull  compact  ''homstones"  and  felsites. 

Intimately  associated  with  the  pitchstones,  there  frequently  occur 
dykes  and  other  intrusive  masses  of  light-grey  rocks  of  a  felsitic  or 
trachytic  character ;  they  are  all  quartziferous,  and  present  several 
well  marked  varieties.  As  these  rocks  have  not  been  previously  de- 
scribed, I  purpose  giving  some  account  of  their  structure  and  mode 
of  occurrence,  but  will,  in  the  first  place,  complete  my  description  of 
the  pitchstones. 

In  my  former  paper  I  described  the  pitchstones  on  the  east  and 
west  coasts  as  occurring  in  intrusive  veins  and  dykes,  and  subse- 
quent examination  has  not  only  confirmed  this  view,  but  has  also 
shown  that  tho  sandstones  are  greatly  altered  along  the  line  of 
junction.  Prof.  Zirkel,  on  the  other  hand,  states  that  the  vein  on 
the  Corriegills  shore  has  not  produced  the  slightest  change  on  the 
sandstones,  and  that  it  is  regularly  interbedded  with  them.^  It 
became  necessary,  therefore,  to  make  another  careful  examination  of 
the  locality.  The  result  was,  that  the  sandstone  in  contact  with,  or 
in  close  proximity  to,  the  pitchstone,  is  greatly  indurated  in  places, 
while  in  others  it  is  comparatively  soft ;  but  in  these  instances  there 
is  invariably  an  escape  of  water  at  the  junction  of  the  two  rocks, 
and  a  partial  disintegration  has  been  the  result;  an  examination, 
therefore,  of  such  places  only,  might  easily  mislead  an  observer. 
As  regards  the  relative  positions  of  the  two  rocks,  I  have  nothing 
to  add  to  the  previous  account;  in  all  the  localities  examined  the 
pitchstone  is  clearly  intrusive. 

In  order  to  insure  a  tolerably  complete  investigation  of  the  rocks 
described  in  this  and  the  former  paper,  specimens  exhibiting  any 
variations  in  structure  or  appearance  were  taken  from  each  locality ; 
and  of  these  I  have  prepared  forty-one  thin  sections  for  microscopic 
examination. 

»  See  Geol.  Mao.  Vol.  VIII.  pp.  448-450. 
*  Zcita.  d,  d.  ^eol.  <a«a., xaii.,  ^,  I. 
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Specimens  of  pitohstone  ooUected  in  Monamore  Olen  and  Birk 
Olen,  near  the  old  Lamlash  road,  afford  beautiful  varieties  of  the 
rock  represented  in  Plate  I.,  Fig  1,  combined  with  the  structure  of 
Fig.  2.  A  dark  green  pitohstone  from  Inveroloy  contains  numerous 
crystals  of  quartz  and  felspar,  which  give  it  a  porphyritio  character ; 
the  base  is  a  clear  colourless  glass,  thickly  crowded  with  very  short, 
straight  belonites,  which  wind  in  streams  round  the  larger  crystals, 
but  there  is  no  arrangement  in  groups.  Some  of  the  quartz  crystals 
contain  remarkable  cavities  inclosing  small  fern-like  groups  of 
belonites,  although  .there  are  none  whatever  in  the  surrounding 
matrix. 

A  specimen  of  black  pitohstone  deserves  special  mention.  It  was 
taken  from  a  boulder  on  the  high  ground  near  West  Benan ;  two 
other  boulders  of  the  magnificent  porphyritic  pitohstone  previously 
described,  together  with  many  others  of  the  coarse-grained  granite, 
were  lying  near  it ;  the  whole  assemblage  being  evidently  derived 
from  the  Ooatfell  granitic  range. 

It  may  be  well  to  observe  here,  that  of  the  hundreds  of  boulders 
scattered  over  this  part  of  the  country,  I  did  not  see  one  of  any  rock 
foreign  to  the  island.  The  specimen  in  question  is  quite  black, 
of  irregular  brittle  fracture,  and  contains  a  few  crystals  of  felspar 
and  brown  augite.  The  microscopic  structure  is  highly  remarkable, 
and  differs  considerably  from  any  previously  described.  With  a  low 
power,  the  colourless  glassy  base  appears  to  be  crowded  with 
numerous  groups  of  slender  black  prisms,  exhibiting  the  follow- 
ing singular  arrangement.  A  long  acicular  prism  forms  an  axis, 
to  which  are  attached,  on  opposite  bides,  two  rows  of  similar 
shorter  prisms,  projecting  from  it  at  right  angles,  like  the  teeth  of  a 
double  comb.  With  a  higher  power,  the  prisms  are  easily  recog- 
nized as  the  usual  pyroxenic  belonites  thickly  studded  with  ex- 
tremely minute  grains  of  magnetite;  the  rock  itself  is  rather  strongly 
magnetic.  Well  formed  crystals  of  orthoclase  and  plagioclase  are 
imbedded  in  the  base,  together  with  many  distinct  characteristic 
crystals  of  augite.     Quartz  appears  to  be  absent  from  this  rock. 

One  of  the  porphyritic  pitohstone  boulders  just  referred  to'  is  also 
of  great  interest,  as  it  contains  a  considerable  proportion  of  fine- 
grained basalt  included  in  it.  Under  the  microscope,  the  pitohstone 
itself  is  seen  to  be  quite  the  same  as  that  previously  described  (p.  7), 
but  it  contains,  in  addition,  small  isolated  fragments  of  basalt,  while 
the  basaltic  part  of  the  rock  incloses  quartz  crystals,  which  have 
included  in  their  cavities  portions  of  the  basaltic  matrix  in  which 
they  are  imbedded.  The  basalt  is  very  fine-grained,  and  consists 
almost  entirely  of  small,  clear,  felspar  crystcds,  and  very  minute 
grains  of  magnetite.  A  few  small  grains  of  augite  may  also  be 
detected. 

It  has  already  been  explained  that  the  characteristic  base  of  pitoh- 
stone is  a  hoTnogeneoua  glass  without  a  trace  of  double  refraction,  and 
therefore  remaining  dark  between  crossed  Nicols  ;  the  base  of 
felsites,  porphyrites,  and  other  allied  rocks,  is,  on  the  other  hand, 
characterized  by  a  felsitie  structure,  and  a  {qI&\^\q  \^^a.^  \iwQat\QXA2^ 
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exliibits  donhle  refraction.  In  ordinary  light,  there  are  seldom  any 
distinct  indications  of  individual  forms,  the  appearance  being  rather 
that  of  a  confused  imperfectly  blended  mass  of  glassy  materials. 
Its  true  character  is,  however,  well  seen  in  polarized  light;  the  axes 
of  the  Nicols  being  parallel,  there  are  still  comparatively  few  sharp 
outlines,  but  as  either  of  the  prisms  is  rotated,  the  mass  appears  to 
break  up  into  variously  coloured  little  patches,  which  gradually 
assume  a  more  definite  form  as  the  axes  approach  to  a  right  angle ; 
in  that  position  it  has  the  appearance  of  a  granular  compound  of 
crystalline  fragments,  among  which  there  may  be  seen,  in  most 
cases,  a  few  more  or  less  perfectly  formed  crystals.  It  is  not, 
however,  a  granular  compound  in  the  proper  meaning  of  the  term : 
it  is  evidently  a  mass  which  has  been  consolidated  whilst  in  an  in- 
cipient stage  of  crystallization;  or,  in  other  words,  an  originally 
homogeneous  mass  has  undergone  a  certain  amount  of  molecular 
change,  insufficient  for  the  development  of  crystalline  fonns,  but 
sufficient  for  the  production  of  double  refraction. 

It  would  appear  from  these  facts,  that  in  the  case  of  pitchstone, 
the  conditions  under  which  the  consolidation  of  the  matrix  took 
place  were  altogether  unfavourable  to  crystallization ;  but  that  in 
the  case  of  a  felsitio  base,  the  process  of  crystallization  had  com- 
menced, and  had  been  arrested,  possibly  by  the  act  of  consolidation. 
But  it  is  by  no  means  obvious  in  what  way  the  conditions  diffijred. 
for  it  is  quite  certain,  that  in  both  cases,  felspar  and  quartz  crys- 
tallizod  out  from  tlio  mass,  and  in  doing  so  caught  up  portions  of 
the  suiTounding  glassy  or  felsitio  matrix.  The  oxphmatiou  way 
however  lie  in  the  fact,  that  there  is  more  silica  in  the  felsitio  than 
in  the  vitreous  parts  of  these  rocks.  Concurrently  with  an  incipient 
crystallization  there  has  also  been  a  partial  formation  of  dis- 
tinct constituents  ;  for  in  most  cases,  if  not  in  all,  quartz  may  l»o 
distinctly  recognized.  Although  the  peculiar  texture  just  descril>od 
may  be  regarded  as  the  chief  characteristic  of  a  largo  class  of  rocks, 
it  is  only  in  tyi)ical  specimens  that  it  exclusively  prevails,  for  it 
will  be  seen,  that  by  a  gradual  increase  in  the  quantity  of  granular 
and  crystalline  particles,  it  passes  into  a  more  or  less  perfectly 
crystallized  structure.  It  will  shortly  be  shown  that  felsitio  sub- 
stances frequently  occur  in  pitchstone,  and  in  the  following  de- 
scriptions tlie  term  will  always  be  used  to  indicate  the  structure 
just  explained. 

On  the  west  coast,  between  Drumadoon  Point  and  the  headland 
called  Cleitadh  nan  Sgarbh,  the  cliffs  round  the  bay  consist  of  red 
sandstones  traversed  in  places  by  veins  of  pitchstone  and  red  jasiK^rj"^ 
**hornstone.'*  One  of  them  near  King's  Cove  is  a  brown  pitchstone. 
foniiing  a  vein  high  up  in  the  cliff,  and  is  a  rock  of  special  interest, 
as  it  is  very  variable  in  structure,  and  shows  clearly  that  ordinary 
pitchstone,  and  the  compact  red  "homstono,"  are  simply  modi- 
fications of  one  and  the  same  mass.  Four  si)ecimens  taken  from 
this  vein  exhibit  the  following  varieties  : — 

1.  A  yellowish-brown  pitchstone,  full  of  small  round  grains  and 
'  irro  w  bands,  di£[ormg  «i\^W^  m  ocAaMx  Itotcdl  \k<i  glassy  base. 
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2.  A  brown  pitchstone,  of  duller  aspect  than  No.  1,  containing 
spheroidal  nodules  of  light  brown  compact  "  homstone,"  having  a 
bluish-grey  nucleus ;  the  nodules  are  from  1  to  2  inches  in  diameter, 
and  contain  many  crystals  and  grains  of  quartz,  with  some  of  felspar. 

3.  A  specimen,  containing  the  two  former  varieties,  with  a  little 
red  "homstone." 

4.  A  compact  red  "  homstone,"  with  crystals  of  quartz  and  fel- 
spar ;  a  portion  of  one  specimen  cdso  exhibits  a  minute  spherolitio 
structure. 

Under  the  microscope  a  section  of  No.  1  exhibits,  in  ordinary 
light,  a  pale  yellow  glass,  full  of  well-defined  circular  aggregations 
of  a  reddish-yellow  substance,  which  appears  indistinctly  granular ; 
these  are  the  grains  seen  in  the  specimen ;  they  will  be  described  as 
spherolites.  Great  numbers  of  short  green  belonites  are  scattered 
through  the  base,  and  there  are  many  crystals  of  quartz,  orthoclase 
and  plagioclase,  the  latter  are  beautifully  striated.  A  crystal  of 
quartz  or  felspar  sometimes  forms  the  nucleus  of  a  spherolite, 
numbers  of  belonitos  radiate  from  it,  and  the  group  is  surrounded 
by  one  or  more  concentric  coloured  bands ;  frequently,  however,  the 
spherolites  have  no  distinct  nucleus.  The  true  character  of  the  rock 
is  better  seen  in  polarized  light ;  between  crossed  Nicols  the  glassy 
base  of  course  remains  dark,  and  on  this  black  ground  numerous 
spherolites  and  small  patches  of  felsitic  matter  are  very  well  seen. 
The  spherolites  invariably  exhibit  double  refraction,  but  no  felsitic 
structure;  in  ordinary  light  many  are  quite  clear,  and  the  only 
indication  of  a  radial  structure  is  the  direction  in  which  the  belonites 
lie.  Between  crossed  Nicols,  however,  a  black  cross  is  seen,  and  on 
rotating  either  of  the  prisms  the  arms  of  the  cross  also  rotate ;  this 
is  of  course  indicative  of  a  minute  radial  crystallization. 

The  dull  brown  pitchstone.  No.  2,  which  contains  the  nodules; 
exhibits  many  spherolites  like  No.  1,  aggregations  of  felsite,  and 
also  characteristic  groups  of  belonites. 

The  "  homstone  "  nodules  consist  of  the  usual  glassy  base,  nearly 
filled  with  a  fine  brown  dust,  which  renders  it  dull  and  semi-opaque; 
a  very  thin  section  exhibits  however  a  somewhat  similar  structure 
to  No.  2 ;  but  the  belonites  are  longer,  and  there  are  very  few  fern- 
like  groups ;  larger  portions  of  the  base  are  felsitic,  quartz  crystals 
are  more  abundant,  and  there  are  several  small  masses  of  amorphous 
quartz. 

The  grey  nucleus  of  the  nodules  exhibits  a  characteristic  felsitic 
texture,  together  with  imbedded  crystals  of  quartz  and  felspar. 

The  red  "  homstone,"  No.  4,  consists  of  a  very  compact  felsitic 
base,  with  much  colouring  matter  disseminated  through  it,  and  it 
also  contains  crystallized  quartz  and  felspar. 

I  am  fortunate  in  being  able  to  give  the  results  of  a  very  careful 
analysis  of  two  of  these  rocks  by  Mr.  J.  Arthur  Phillips,  who  kindly 
undertook  the  examination,  and  made  a  double  analysis  of  each. 
No- 1,  is  the  "  homstone  "  nodule.  IL,  the  red  felsite  or  "homstone." 
III.,  a  globular  felsite,  to  be  presently  described ;  also  analyzed  b^ 
Mr.  Phillips :— 
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Fdmies, — On  the  east  and  west  coasts  of  the  soathem  half  of  the 
island  there  are  sevend  djkee  of  a  light  grej  felsite,  irhich  cat 
through  the  Garfooniferons  sandstones  in  precisely  the  same  way  as 
the  pitchstones  and  basalts;  and  sometimes  even  form  portions  of 
the  same  dykes.  These  are  the  rocks  frequently  mentioned  by  Dr. 
Bryoe  as  claystonee ;  they  appear  to  have  been  but  very  imperfectly 
understood,  and  as  they  are  hr  more  common  than  the  pitchstones, 
it  is  singular  that  Zirkel  should  have  given  no  description  of  them 
in  his  account  of  the  Arran  rocks. 

These  felsites  vary  considerably  in  appearance,  some  being  dis- 
tinctly spherolitic,  while  others  can  scarcely  be  distinguished  from 
the  so-called  quartz  porphyries ;  it  will,  in  feet,  shortly  appear  that 
they  possess  an  intermediate  character  between  the  latter  and  the 
pitchstones.  Referring  to  the  preceding  account  of  their  general 
microscopic  structure,  it  will  be  convenient  to  describe,  in  the  first 
place,  a  rock  of  very  different  appearance,  but  of  essentially  the 
same  structure  and  composition. 

Near  the  small  pitchstone  vein  on  the  Corriegills  shore,  there  is 
an  intrusive  vein  of  a  very  remarkable  character. 

Globular  Fehite. — The  rock  was  described  by  MacCulloch,  and 
has  been  frequently  mentioned  by  subsequent  writers  as  globular 
pitchstone,  perlitic  pitchstone,  claystone,  and  hornstone.  It  is  not 
mentioned  by  Zirkel  in  the  paper  previously  quoted.  Dr.  Bryce 
observes  :  **  Mineralogists  have  long  regarded  this  curious  rock  with 
much  interest,  and  various  opinions  have  been  held  respecting  its 
true  relations,  some  considering  it  as  allied  to  claystone,  and  others 
to  pitchstone."^  It  will  soon  be  evident  that  a  microscopic  examina- 
tion of  one  or  two  thin  sections  is  quite  sufiScient  to  establish  its 
true  character. 

It  is  a  hard,  tough  rock  of  dull  greenish-grey  colour,  full  of 

*  In  No.  I,  2" 3 7  was  lost  in  water  bath. 
„     II.  1-32  do.  do. 

„    in.  0-65  do.  do. 

'  The  whole  of  the  iron  in  No.  I.  was  found  **to  be  in  the  state  of  ferrous  oxide, 
and  that  fact  is  sufficient  evidence  that  the  manganese  exists  as  manganous  oxide.'*  It 
ii  worthy  of  remark,  that  the  felsiiic  portion  of  the  rock  contains  more  silica  than 
the  pitoQstone,  a  result  quite  in  accordance  with  that  obtained  by  microscopic  ex- 

f  Arran,  p.  77. 
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spherical  concretions,  set  in  a  compact  matrix.  The  spheres  have  a 
distinct  fibrous  radial  structure,  and  are  frequently  coated  with  a 
white  film.  In  a  very  thin  section,  in  ordinary  light,  the  spheres 
exhibit  a  well-defined  circle,  bounded  by  a  line  of  minute  grains  of 
iron  oxide,  but  the  fibrous  structure  is  not  so  distinct;  in  fact,  it  then 
appears  to  be  simply  a  radial  arrangement  of  the  particles  of  a  fine 
dust  scattered  through  a  dull  uniform  base ;  dark  greenish  aggrega- 
tions of  this  substance  sometimes  form  an  irregular  nucleus,  throw- 
ing off  rays  towards  the  circumference ;  frequently,  however,  the 
centre  is  free  from  them,  and  there  is  then  no  appearance  of  any 
sort  of  structure.  These  green  patches  also  occur  in  the  matrix,  and 
both  spheres  and  matrix  appear  to  be  composed  of  precisely  the  same 
substance.  Placed  between  crossed  Nicols  the  appearance  is  com- 
pletely changed,  and  it  is  at  once  seen  that  the  matrix  has  a  felsitio 
structure,  and  that  some  of  the  spheres  are  also  composed  of  portions 
of  the  same  substance,  which  have,  however,  undergone  a  process 
of  aggregation  and  radial  arrangement  in  globular  masses ;  but  the 
felsitic  structure  is  still  quite  as  evident  as  in  the  bsise.  Many  of 
the  spheres  are,  however,  composed  of  two  or  more  concentric 
layers ;  in  some  there  is  a  felsitic  nucleue  surrounded  by  radiating 
groups  of  the  green  dust ;  in  others  the  nucleus  consists  of  grains  of 
quartz  only.  The  globular  concretions  here  described  differ  entirely 
in  structure  and  appearance  from  the  spherolites  occurring  in  the 
pitchstones,  and  it  is  quite  evident  that  the  rock  is  a  felsite.  Some 
specimens  may,  at  first  sight,  be  readily  taken  for  a  dull  perlitio 
pitchstone,  but  a  microscopic  examination  shows  very  clearly  that  it 
is  not  a  pitchstone,  and  that  the  structure  is  not  perlitic. 

On  the  shore  south  of  Tormore  there  is  a  compound  dyke  about 
20  feet  wide,  the  two  sides  consist  of  basalt,  while  the  central  part, 
12  feet  in  width,  is  composed  of  a  hard  light  grey  felsite,  containing 
crystals  of  quartz  and  a  few  of  felspar ;  the  latter  are  chiefly  ortho- 
clase,  but  plagioclase  is  also  present.  The  base  is  felsitic,  and  contains 
many  perfectly  clear  spherolites  with  radiating  belonites ;  this  is  the 
only  indication  of  structure  in  ordinary  light,  but  between  crossed 
Nicols  there  is  a  well-defined  black  cross.  The  larger  quartz  crystals 
are  surrounded  by  a  continuous  clear  band,  containing  tufts  of  ra-  ' 
diating  belonites,  and  between  crossed  Nicols  the  tufts  are  seen  to 
mark  the  places  of  imperfectly  formed  spherolites,  more  or  less 
complete  black  crosses  being  then  visible.  Many  belonites,  and 
small  opaque  grains,  are  scattered  through  the  base,  and  they  assume 
a  stream-like  arrangement  round  the  sides  of  the  larger  crystals. 

In  Monamore  Olen,  about  a  mile  above  the  mill,  there  is  a  small 
quarry  worked  for  road  metal.  The  rock  is  a  hard  felsite,  varying 
in  colour  from  greenish-grey  to  light  brown;  it  contains  a  little 
felspar,  and  numerous  crystals  of  quartz ;  the  latter  being  surrounded 
by  a  green  border,  give  the  rock  an  unusual  appearance.  The  base 
is  felsitic,  contains  many  green  belonites,  and  is  quite  as  distinctly 
spherolitic  as  the  specimen  just  described.  In  addition  to  many 
clear  spherolites,  there  are  others  of  a  dull  green  substimce,  having 
a  radial  arrangement,  but  not  diatixicUy  can|&\aX^viAi^.   ^X!V^  Q^Qaiis^au 
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eryrtala  contain  many  oaritiea  indoeing  poitionB  of  tlie  liaae,  and 
«re  invariably  sonoiiiided  by  a  band  of  green  apherolites  ao  doadj 
packed  together  aa  to  interfere  with  tiieir  fkdl  development.  The 
fdqMur  ia  much  altered,  bat  a  &w  oyatala  atill  diaplay  adoiind 
bandaand  striaB. 

A  apherolitic  felaite  appears  to  form  an  intraaiTe  Tein  on  Aa 
■oath  alope  of  Don  i^on  above  the  Oorri^gilla  ahora.  It  ia  a 
nther  hiurd  yeUowiah-grey  rode,  foil  of  amall  qphorioal  gmiu^ 
withoat  imbedded  oryatala.  Under  the  miQroooojpe,  with  otwm 
lights  the  felaitic  baae  appeara  to  be  Inll  of  brown  doat^  with 
many  imperfect  bdonitea  scattered  throag|i  it ;  there  are  aba  manj 
clear  circnlar  spaoea,  which  exhibit  no  atmotmne  whatever.  Be- 
tween crosaed  Nicola,  however,  a  spherolitic  atmotore  la  at  obos 
evident;  the  dear  apaoes  then  display  one  or  more  oiroalar  disks 
tiaveraed  by  a  black  cross.  Thia  kind  of  latent,  or  erjrpto-apherolitio 
texture,  is  the  same  aa  that  previously  deacribed  in  the  pitchstonek 
Tbere  are  many  small  spherditea  of  diatinctly  fibrona  atnioUire. 

We  have  previoody  aeen  that  the  brown  pitchatone  from  Kingfs 
Cove  passes  into  a  felote,  and  in  the  rodrs  jast  deacribed  we  hm 
examples  of  typicd  fdsitea  containing  spherolitea  and  bdonitea^ 
differing  in  no  respect  firom  those^oommon  in  pitchstonea^ 

On  the  Lamlash  road,  aboat  a  mile  ftom  the  Brodidc  Hotd,  fliera 
ia  a  mass  of  spherolitic  fdsite  in  connexion  with  the  vein  of  pitch- 
stone,  which  is  well  exposed  in  the  bed  of  the  stream  below.  It  is 
the  bed  of  *'  claystone  "  mentioned  by  Dr.  Bryce,  who  describes  the 
rdativo  positions  of  the  two  rocks,  and  observes,  that  '*  the  relations 
of  the  two  beds  lend  countenance  to  the  idea  that  these  claystones 
are  but  altered  sandstones."  It  is  by  no  means  easy  to  understand 
how  any  one  who  had  given  some  attention  to  igneous  rocks  codd 
entertain  such  an  idea.  In  extemd  appearance  the  rock  is  not 
xmlike  a  nearly  white  Oolitic  limestone,  full  of  smdl  yellowish 
grains.  Under  the  microscope  a  thin  section  shows  the  grains  to 
be  spherolites  of  fibrous  radial  texture,  thickly  scattered  through  a 
felsitic  base  containing  many  distinct  grains  of  quartz.  The  rock  is 
somewhat  decomposed,  but  a  few  of  the  spherolites  still  exhibit 
traces  of  belouites. 

A  crystalline  felsite  from  Auchenhew  Hill,  about  a  mile  and  a 
half  N.W.  of  Kildonan  Castle,  is  an  interesting  rock,  as  it  exhibits 
a  composition  and  structure  combining  the  characters  of  the  felsites 
with  those  of  the  more  perfectly  crystallized  dolerites,  and  may, 
therefore,  be  compared  with  the  well-known  trachy-dolerites.  It  is 
of  a  light  grey  colour,  distinctly  crystalline  in  texture,  and  contains 
a  few  crystols  of  orthoclase.  The  felsitic  base  contains  grains  of 
quartz,  and  many  spherolites,  like  the  preceding  rocks ;  but  there 
are  in  addition  numerous  smdl  felspar  crystds,  and  long  prisms  of 
a  brown  pyroxenic  minerd,  too  much  dtered  for  determination  :  it  is 
probably  altered  hornblende.  There  are  also  many  black  grains  of 
magnetite ;  the  larger  felspar  crystals  are  twins  of  orthodase.  This 
rock  occurs  high  up  among  the  sandstones  on  the  south  side  of  the 
Jbill ;  the  latter  being  cap]^^  Vj  «i  ^(^k^Os.  ^iii^\»  ^1  c:AV&simar  dolerifte. 
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The  felsites  just  described  all  fonn  dykes  or  veins  in  the  sand- 
stones ;  but  there  is  a  rock,  of  similar  appearance,  which  occupies 
a  considerable  area  in  the  vicinity  of  Lagg.  It  nowhere  reaches  the 
coast,  but  is  first  seen  a  few  hundred  yards  south  of  Glauchog  farm, 
and  extends  in  a  northerly  direction  for  at  least  two  miles  ;  and 
from  Sliddery  Water,  on  the  west,  to  the  Gloined  bum,  near  the 
well-known  shell-bed,  on  the  east,  a  distance  of  a  mile  and  a  half ; 
how  much  further  it  may  extend  in  both  directions  is  uncertain, 
as  I  had  no  opportunity  of  tracing  it*  In  Sliddery  Water  it  is  first 
seen  in  the  bed  of  the  river,  about  700  yards  above  the  bridge,  where 
there  is  a  fine  junction  with  the  sandstones.  The  side  of  the  felsite 
is  vertical,  with  the  ends  of  the  sandstone  strata  abutting  against  it, 
and  dipping  away  at  an  angle  of  30^ ;  the  felsite  here  crosses  the 
river,  and  occupies  both  banks  as  far  as  Glenrie  Mill.  It  appears  to 
be  continuous  within  the  limits  observed,  and  in  the  Gloined  bum 
the  relations  of  the  two  rocks  are  the  same  as  in  Sliddery  Water. 
In  this  instance  a  mass  has  probably  flowed  over  the  sandstone,  and 
has  been  brought  into  its  present  position  by  faults. 

The  rock  is  very  uniform  in  character,  generally  of  a  light-grey 
colour,  but  often  marked  with  reddish-brown  bands  and  concentric 
rings.  The  base  is  finely  granular,  and  contains  many  small  crystals 
of  felspar  and  quartz,  with  numerous  grains  of  magnetite.  Under 
the  microscope  the  base  appears  distinctly  granular,  and  contains 
much  quartz ;  orthoclase  and  plagioclase  are  both  present,  though 
much  altered  ;  the  quartz  is  well  crystallized,  sometimes  exhibiting 
short  prisms  doubly  terminated. 

Porphy fi tie  FeUites,  or  quartz  porphyries,  as  they  have  generally 
been  called,  occur  in  many  places  in  Arran,  frequently  as  dykes  in 
the  Carboniferous  sandstone,  or  forming  extensive  overlying  masses. 
The  best  localities  on  the  west  coast  are  Drumadoon  Point,  Leac  a 
breac  between  Blackwater  foot  and  Sliddery  Water,  and  Benan 
Head ;  and  on  the  east  coast,  Dun  Dhu  between  Brodick  and  Lamlash. 
As  Zirkel  has  given  an  account  of  these  rocks  in  the  paper  cited 
above,  a  brief  description  of  two  varieties  will  now  suffice.  Benan 
Head  is  formed  entirely  of  a  mass  of  various  intrusive  rocks,  of 
which  a  beautiful  "  quartz  porphyry  "  forms  the  greater  part.  It  is 
a  pale-grey  rock,  containing  numerous  large  crystals  of  orthoclase 
and  quartz  in  a  compact  base ;  the  orthoclase  is  clear  and  glassy,  like 
Banidine ;  the  quartz  is  well  crystallized  in  short  prisms  doubly 
terminated. 

Under  the  microscope,  in  polarized  light,  the  base  exhibits  a 
perfectly  characteristic  felsitic  structure,  with  a  very  few  imperfectly 
formed  felspar  crystals,  and  a  little  quartz;  there  are  also  many 
small  black  grains  of  magnetite.  Nearly  all  the  felspar  is  orthoclase, 
but  ZirkeFs  statement  that  there  is  no  trace  of  plagioclase  requires 
to  be  modified,  as  one  of  my  sections  contains  a  crystal  which 
exhibits  well-defined  coloured  strisB.  The  larger  crystals  of  quartz 
and  felspar  contain  many  cavities,  with  included  portions  of  the  base. 

The  columnar  "  porphyry "  at  Drumadoon  Point  is  of  a  darker 
colour  than  the  preceding  rock,  and  Bome  o£  ti;x^  ot^oOkSM^  ^t^^K»^ 
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ore  quite  opaque ;  others  are  glassy  in  the  middle,  Tvith  an  opaque 
coating.  The  dark  colour  is  due  to  the  presence  of  a  great  number 
of  grains  of  magnetite  and  a  little  chloritic  mineral  scattered  through 
the  base ;  there  are  also  a  few  crystals  of  a  pyroxenic  mineral  altend 
to  the  same  green  substance,  llie  base  e^diibits  a  more  crystalliaed 
structure  than  the  rock  from  Benan  Head,  and  in  this  respect  resem- 
bles the  felsite  from  Auchenhew  Hill  previously  described. 

It  should  be  distinctly  understood  that  in  calling   these  rods 
felsites  or  quartz  porphyries,  nothing  is  implied  thereby  as  to  their 
age ;   they  might  with  equal  propriety  be  called   trachytes,  and 
would  certainly  be   placed   in  the  trachytio  group,  if   they  were 
known  to  be  of  Tertiary  age  ;  there  is  no  minendogical  or  structunl 
difference  between  them  and  the  recent  trachytes,  nor  on  the  other 
hand  is  there  anything  to  distinguish  them  from  much  older  rocks. 
If  any  petrologist  thinks  he  can  determine  the  age  of  such  rocks  bj 
their  chemical  or  mineralogical  composition,  he  might  try  his  skill 
on  these  Arran  felsites  before  their  age  is  ascertained  by  other  means. 
So  far  as  is  yet  known  with  certainty,  they  may  have  been  intruded 
at  any  time  between  the  close  of  the  Carboniferous  and  the  close  of 
the  Tertiary  Periods ;   there  is  here,  therefore,  an  excellent  oppor- 
tunity of  soh  ing  a  difficult  problem,  and  any  one  who  has  discovered 
a  criterion  for  determining  the  age  of  eruptive  rocks  would  reuder 
great  service  to  science  by  making  it  known.     Although  there  is  at 
present    great   confusion   in   petrological    nomenclature,    a    partial 
alteration,  or  introduction  of  new  terms,  would  only  make  matters 
worse  ;  and  as  more  exact  methods  of  observation  are  now  being  em- 
ployed, it  will  not  be  very  long  before  the  composition  and  structure 
of  most  rocks  will  be  known.    Petrologists  will  then  be  able,  for  the 
first  time,  to  adopt  a  nomenclature  founded  on  a  knowledge  of  factfi ; 
for  it  should  be  remembered  that  most  of  the  names  by  which  the  fine- 
grained rocks  are  known  were  given  in  complete  ignoranc»e  of  their 
true  composition.    In  the  meanwhile  no  harm  can  be  done  by  discon- 
tinuing the  use  of  a  number  of  terms  which  have  lost,   or  never 
had,  any  definite  meaning ;  for  example,  the  names  *  porphyry  *  and 
'  porphyrite '  may  bo  dismissed  as  quite  unfit  for  generic  terms,  the 
structure  to  which  they  are  applied  being  frequently  found  in  all 
kinds  of   igneous   rocks,  and  therefore  characteristic  of  none.     It 
should  be  restricted  to  its  proper  use  as  a  varietal  character  only, 
and  such  names  as  *  felspar-poq>hyry,*  *  pitchstone-porphyns' etc., 
should  give  way  to  *porphyritic  felsite/  *  poq)hyritic  pitchstone,'  etc 
Anotlier  step  would  be  to  ignore  the  distinction  now  made  between 
rocks  of  different  ages,  when  there  is  really  no  essential  difference 
between    them  ;    wo    should    then    get   rid   of    melaphyr,    aplumiU^ 
anmnesUe,  diabase,  and  greenstone.     Tlie  three  former  are  but  va- 
rieties of  *  dolerite/  *  diabase  *  is  simply  an  altered  *  dolerite,*  while 
'greenstone*  has  now  no  definite  meaning  whatever,  having  been 
applied  to  diorites,  dolerites,  felsites,  or  in  fact  to  any  rock  which  a 
collector  or  writer  could  not  make  out     An  indefinite  term  is  of 
^oui-se  frequently  useful  in  the  field,  and  perhaps  none  could  be 

<er  for  the  purposo  lYian  trap. 
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I  would  observe,  in  conclusion,  that,  although  much  has  been 
written  on  the  geology  of  Arran,  comparatively  little  is  accurately 
known,  especially  as  regards  the  rocks  in  the  southern  half  of  the 
island.  A  few  rambles  along  the  shore  and  among  the  hills  should 
surely  teach  a  geologist  that  there  are  igneous  rocks  of  different  ages, 
presenting  various  modes  of  occurrence;  yet  such  important  dis- 
tinctions as  those  between  interbedded  sheets  and  intrusive  dykes 
have  been  generally  overlooked  or  completely  misunderstood.  What 
is  now  wanted  is  a  good  geological  map  and  memoir,  a  work  which 
could  not  be  in  better  hands  than  in  those  of  Prof.  Oeikie  and  his 
staff,  and  with  which  it  is  to  be  hoped  geologists  may  soon  be 
favoured. 

V. — On  the   Tbmpekaturk  and  other  Physical  Conditions  of 
Inland  Seas,  in  theib  Belation  to  Geological  Inquiby.^ 
By  William  B.  Carpenteb,  M.D.,  LL.D.,  F.R.8.,  F.G.8. 

THE  researches  in  which  the  Author  has  been  personally  eng^aged  during  the  last 
four  years  into  the  Temperature  and  other  Physical  conditions  of  the  Deep  Sea, 
combined  with  the  information  he  has  obtained  from  other  sources,  have  led  him  to 
the  knowledge  of  certain  remarkable  differences  in  regard  to  these  conditions,  which 
prevail  between  Inland  Seas  and  the  open  Ocean.  As  these  differences  have  a  most 
direct  and  important  bearing  upon  the  distribution  of  Animal  life,  and  as  it  would 
seem  highly  probable  that  similar  differences  have  existed  in  all  Geological  periods, 
he  thinks  it  important  that  Geologists,  by  being  made  aware  of  them,  should  be  in 
possession  of  a  key  that  seems  likely  to  open  the  way  to  a  rational  interpretation  of 
many  Palseontological  phenomena  which  are  at  present  obscure. 

The  general  facta  in  regard  to  Ocean  Temperature,  which  have  been  determined  by 
recent  observations,  are  briefly  as  follows : — 

1.  In  hiffh  Northern  latitudes,  the  Temperature  of  the  turf  ace  of  the  sea,  near  the 
border  of  the  ice  barrier,  is  but  little  aboye  32^ ;  and  at  small  depths  below  .the  sur- 
face, according  to  the  recent  observations  of  Payer  and  Weyprecht,  it  falls  below  32°. 
Making  allowance  for  the  known  influence  of  pressure  upon  the  thermometers  with 
vrhich  temperature-observations  at  great  depths  have  been  made  in  these  regions, 
there  is  every  reason  to  believe  that — save  in  cases  in  which  the  temperature  of  the 
upper  stratum  may  be  modified  by  local  causes — there  is  a  progressive  descent  from 
32  to  29°,  or  even  lower ;  so  that  the  average  temperature  of  the  entire  column  of 
Polar  water  may  be  considered  to  be  not  above  30°. 

2.  In  lower  latitudes,  the  Temperature  of  the  surface  of  the  sea  is  greatly  influenced 
by  solar  radiation  ;  but  the  superheating  thus  produced  does  not  generally  extend  in 
a  marked  degree  much  below  100  fathoms.  Beneath  this,  in  the  Atlantic,  is  a 
stratum  of  which  the  temperature  may  be  said  to  rHUge  from  about  62°  to  45°,  in 
all  but  the  highest  latitudes ;  but  the  depth  of  this  stratum  varies  considerably, 
extending  downwards  to  about  500  fathoms  near  the  Faroe  Banks,  to  about  700 
fathoms  off  the  coast  of  Portugal,  and  to  1,000  or  1,200  fathoms  nearer  the  Equator. 

3.  Beneath  this  stratum  is  a  '*  stratum  of  intermixture  "  in  which  the  thermometer 
falls  rapidly,  sometimes  as  much  as  10°  in  200  fathoms ;  and  below  this  the  tempera- 
ture again  becomes  more  uniform,  sinking  very  gradually  from  39°  or  38^,  to  36°  or 
S6°j  at  depths  of  2,000  fathoms  or  more,  near  the  Eastern  border  of  the  North 
Atlantic.  It  is  probable  that  Temperatures  yet  lower  than  these  will  be  found  to 
prevail  over  the  aeep  bottom  of  the  Mid- Atlantic:  the  recent  Temperature-soundings 
of  Captain  Chiromo  in  the  Eastern  Seas,  made  with  '  protected '  Thermometers,  having 
now  fully  demonstrated  that,  even  under  the  Equator,  the  bottom-temperature  at 
great  depths  of  the  Ocean  may  be  as  low  as  32°. 

4.  Thus  the  Intertropical  column  may  be  considered  as  consisting  o^  (I)  a  euper* 
heated  stratum,  of  which  the  temperature  ranges  from  84°  at  the  surface  to  52°  at 

>  Extracted  from  The  BnglUh  Meehanie  and  World  of  Science,  for  8epteiabec  t&-'L1^\^'V 
with  additions  and  oorreotioas  by  the  Author. 
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r-corrent  senres,  by  oontimially  carrying  back  a  porlion  of  th«  denier  Mediter- 
in  water,  to  preyent  tbe  aooomnlation  of  salt  in  tiie  Mediterranean  basin,  which 
d  otherwise  resnit  from  the  continual  inflow  of  tea  water  in  place  of  thefreah 
r  that  has  passed  off  by  eraporation.  This  outflow  tbe  author  beUerea  ^with 
ain  Maory)  to  depend  upon  the  excess  of  weigbt  of  the  Mediterranean  eMunm 
e  tbe  Atlantic  oolomn  ;  its  immediate  physical  caose,  thoreforei  being  exactly  tiia 

as  that  of  the  outflbw  of  bottom-water  from  the  Polar  area.^ 
win  be  obrioiiB  from  what  has  preceded,  that  tbe  Gibraltar  in-eamnt  will  pro* 
▼ery  little  change  in  the  temperature  of  the  Mediterranean ;  since,  as  its  depth 
le  ^*  ridge  '*  is  little  more  than  100  fathoms,  the  water  which  it  bringa-in  will 
ely  bdong  to  that  superficial  stratom  whose  temperature  depeods  upon  aolar 
;tion.  The  summer  temperature  of  that  stratum  in  the  Atlantic  is  a  few  degrees 
7  that  of  the  superficial  stratum  of  the  Mediterranean ;  and  the  wmter  tenmera- 
i  of  tbe  two  are  about  the  same.  We  may,  therefore,  throw  ih^  thermal  in- 
ce  of  the  Gibraltar  in-current  out  of  consideration,  except  as  regards  its  influence 
ightly  lowering  tbe  ««f/«^0-temperatttre  of  the  westernmost  portion  of  the 
iterranean.    The  temperature  of  the  deeper  stratum  will  nerer  be  affeeted  by  it, 

it  is  always  below  that  of  the  water  entering  by  the  Strait,  which  will  float 

it  in  rirtue  alike  of  its  lower  salinity  and  of  its  higher  teaijperatnia. 
le  Summer  temperature  of  the  surfaee  of  the  Mediterranean,  where  not  depressed 
le  entrance  of  Atlantic  water,  generally  ranges  between  70"  and  80*.  But  this 
erature  rapidly  falls  in  passing  from  the  surfaoe  downwards ;  as  mmh  as  20" 
^  sometimes  lost  in  the  flrst  30  fathoms,  in  the  Western  basin,  the  thermometer 
rally  sinks  at  50  fathoms  to  66°  or  dfi"* ;  and  below  this  we  obMnre  very  little 
ge  down  to  100  fathoms,  at  which  it  usually  stands  at  54°.  From  this  to  the 
im,  however  deep  that  bottom  may  be,  the  temperature  continues  umform,  the 
r  between  100  and  1,600  fathoms  baring  abeolntely  the  same  temperature  of  54* 
igbout.  In  the  Eastern  basin,  of  which  the  axis  lies  about  2*  iurtiier  to  the 
1,  tbe  heat  of  the  superficial  stratum  extends  somewhat  further  down ;  but  the 
mn  temperature  is  always  reached  at  less  than  200  fathoms;  and  fh>m  that 
1  to  the  bottom  at  (it  may  be)  2,000  ficithomi,  the  temperature  of  ifl*  degrees  is 
i  everywhere  to  prevail. 

)W,  it  is  obvious  from  these  faets  (1)  that  Depth  per  ee  has  no  effect  in  reducing 
erature ;  (2)  that  the  unifoim  temperature  of  the  Mediterranean  from  100  or 
fathoms  to  the  bottom  must  be  determined  by  some  loeal  condition ;  whilst  (3)  as 
sondition  might  be  expected  to  have  the  same  effect  on  the  water  of  the  outside 
otic  under  the  same  parallel  of  latitude,  the  coldness  of  Ut  lower  stratum^ 
mg,  from  900  fathoms  downwards,  between  89^  and  36^6",  must  be  due  to  the 
rtation  of  water  from  a  Polar  source.  What,  then,  is  tbe  determining  oondition 
le  uniform  temperature  of  54°  in  the  Western  basin*  of  the  Mediternnean,  and 
r  in  the  Eastern  ? 

the  Report  (for  1870)  of  his  first  researches  in  the  Mediterranean,  tbe  Author 
buted  it  to  the  m^jacent  infinence  of  the  warm  crust  of  the  earth,  the  tempera- 
of  which  in  the  Mediterranean  area,  as  indicated  by  the  unifarm  temperature 
deep  cave  in  tbe  Island  of  Pantellaiiii,  and  by  that  of  the  deepest  tanks  in  Malta, 
B  to  be  54^    But  he  is  now  inclined  to  believe  that  this  ooinddenoe  is  accidental 

and  that,  no  colder  water  being  admitted  from  without,  the  uniform  tempera* 
of  the  mass  of  Mediterranean  water  in  each  basin  really  corresponds  to  its  iowett 
fr  mean,  or  isoeheimal  temperature.    According  t»  the  best  informatioa  he  has 

able  to  obtain,  the  Winter  temperature  of  the  Western  basin  is  54^  from 
rurface  to  the  bottom,  while  that  of  the  Eastern  basin  is  56'  throughout;  the 
t  excess  in  the  latter  being  due  to  the  small  difference  in  latitude,  with  the  effect 
e  hot  winds  from  Central  Africa.  As  the  sun  gains  power,  its  radiation  raises 
emperature  of  the  superficial  stratum,  but  does  not  penetrate  far  downwards ; 
bus  the  great  mass  of  the  water  beneath  remains  unaffected  by  it    If,  on  the 

hand,  the  Winter  temperature  of  the  surface  were  to  be  reduced,  that  reduetiou 
d  affect  the  entire  mass ;  because,  as  the  surface-water  is  cooled,  it  sinks,  and 
les  its  cold  through  the  water  beneath, 
lus  the  bottom-temperature  of  a  deep  Inland  Sea  may  be  expected  to  depend 


0  fai  the  case  of  the  Black  Sea,  it  was  maintahied  bv  the  AHtbor  that  the  exeeai  of  Spedlle 
ty  of  the  £gean  water  mast  produce  an  inward  onder-cnrrent  throogh  the  DardaaeUna  «»A.  j 
Dephonu ;  and  this  prediction,  which  waf  affirmed  by  C&pXa&n^onMc  %o\M3«\iMi0k^2»^xt9P«%Ak  1 

1  own  preriofu  reeearehm,  has  reeentty  been  veriftei  Vy  Xte  ^*  maxwiMt^^  Napef*^'^"*-'^'****^*-^  * 
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upon  one  or  tbe  other  of  two  conditioiu ;  Jtrat^  the  mean  Winter  temperatore  or 
itochfimal  of  the  surface ;  and  »econd^  tbe  temperature  of  the  coldest  water  that  ii 
admitted  into  it  from  the  Ocean  outside.  If  its  communication  with  that  ocean  be 
so  shallow  that  the  temperature  of  the  water  admitted  through  it  is  nerer  lower 
than  the  isocheimal^  then  the  latter  will  be  the  uniform  temperature  of  the  entire 
mass  beneath  the  variable  surface-stratum ;  but  if  the  communication  be  deep  enonfli 
to  admit  the  water  of  a  colder  stratum  of  the  Ocean,  the  bottom-temperature  of  tbe 
Inland  Sea  will  be  the  temperature  of  this  stratum. 

Let  us  see  how  this  view  applies  to  two  other  cases.  The  Bed  Sea,  like  the 
Mediterranean,  is  almost  entirely  cut  off  from  communication  with  the  deeper  and 
colder  stratum  of  the  Arabian  Gulf,  with  which  its  surface-layer  communicatee 
through  the  shallow  Strait  of  Babelmandeb ;  for  whilst  the  lowest  temperaton 
observed  in  that  surface-layer,  even  in  the  northernmost  extension  of  the  Eed  Sea 
known  as  the  Gulf  of  Suez,  is  7r  (as  I  learn  from  Captain  Narea,  who  has  been 
recently  engaged  in  its  survey),  that  temperature  is  there  uniformly  carried  down  to 
the  bottom  at  450  fathoms ;  and  it  may  hence  be  pretty  certainly  affirmed  that  no 
lower  temperature  than  this  will  be  found  in  the  southern  portion  of  the  Bed  Sea, 
even  on  a  bottom  exceeding  1000  fathoms  in  depth,  since  the  hwest  surface-tempera- 
ture of  that  portion  is  probably  never  less  than  7^^  the  highest  being  nearly  90\ 
Tet,  in  the  Arabian  Gulf,  the  temperature  at  a  depth  of  2,000  fathoms  is  certainly 
not  abovfy  and  is  very  probably  below,  36 1*'.  Here,  therefore,  the  uniform  temperatora 
which  will  probably  oe  found  to  prevail  throughout,  beneath  the  surface-stratum,  will 
be  the  isoefuimal. 

■ 

Now  it  seems  to  be  the  universal  opinion  of  those  who  have  moat  carefully  studied 
the  existing  Coral  Formations,  that  the  reef-building  corals  do  not  Jive  and  grow 
at  a  greater  depth  than  20  fathoms;  and  since  it  is  affirmed  by  Mr.  Dana  as  a 
df'duction  from  the  distribution  of  coral  formations,  that  the  existence  of  the  reef- 
builders  is  geographically  limited  by  the  isocheimal  line  of  68%^  the  Author  cannot  but 
suspect  that  the  bathynutriml  limit  may  be  essentially  a  ihennal  one.^  For  all  we  know 
of  the  relation  of  Temperature  to  Depth  would  indicate  that  even  within  the  Inter- 
tropical area  of  the  open  Ocean,  the  temperature  at  20  fathoms  may  not  be  alwre 
68^  and  that  in  the  next  10  fathoms  it  suffers  considerable  reduction.  Xow  if  the 
temperature  of  the  Red  Sea  nowhere  falls  below  71'',  it  is  obviously  a  most  interesting 

auestion  to  determine  whether  the  reef-building  Corals  are  or  are  not  to  be  found  in 
lat  sea  at  a  greater  depth  than  in  the  Oceanic  area ;  and  if  so,  what  is  the  grc-atest 
depth  at  which  they  exist  there.  For  since  the  Author's  previous  inquiries  have  shown 
that  Stony  Corals,  similar  in  all  essential  partiiMilars  to  the  reef-building  types,  can 
live  and  grow  at  the  depth  of  many  hundred  fathoms,  there  seems  no  a  priori  reason 
why  the  latter  should  not  thrive  at  like  depths,  if  the  Temperature  be  congenial  to 
them. 

A  similar  contrast  is  shown  by  the  Temperature-soundings  of  Commander  Chimnio 
(which  have  been  kindly  communicated  to  the  Author  by  the  Hydrographcr)  between 
tlic  deep  temperature  of  the  Sulu  Sea,  a  small  area  between  the  north-eastern  porti««i 
of  Borneo  and  Mindinno,  and  that  of  the  China  Sea.  The  former,  though  not 
ostensibly  an  Inland  Sea  (being  but  very  partially  surrounded  by  land),  is  so  shut  in 
by  reefs  and  shoals,  as  to  have  only  a  very  superficial  and  limited  communication 
cithtr  with  the  China  Sea  or  with  the  Celebes  Sea.  Notwithstanding  tliis  incl<»eure, 
its  depth  is  very  grc^t,  ranging  to  1,G03  fath<mis;  and  its  Temperature-phenomena 
pres«.'nt  tzactly  the  same  contrast  with  those  of  the  China  Sea,*^  that  the  Temperature- 

»  "On  Corals  and  Coral  Formations,"  p.  108. 

*  It  is  a  very  ^iKnificant  fact  that  the  cold  current  which  comes  up  from  the  itouth  on  th« 
ea-torn  coa*t  <»f  South  Amrrica,  and  which  iho  Author  refnrds  at.  the  indrausht  of  the  Tacific 
£(]ii»torial  current  (as  the  simihir  current  on  the  eastern  coast  of  South  Africa  is  of  the  Atlantic 
ICquatorial  current),  pushes  the  southern  i.-ochoinjal  of  68^,  the  Coral  Sea  boundaiv,  to  the 
Boith  of  the  Equator,  between  the  South  American  coast  and  the  Galapagos,  which,  though 
Bn<l«'r  the  Equator,  lie  outside  of  that  houiuiarv. 

»  The  Temperature.-!  here  jfiven  are  those  of  the  bottom  at  different  depths  in  tbe  line  of  the 
tele::rnph  cable  between  Singapore  and  HonK-Kong.  Why  the  fall  of  temperature  from  51^  to 
J7®  should  Rcem  to  take  place  in  the  (Miina  S»a  at  ;*o  much  (^mailer  a  depth  than  it  dix*  in  lb« 
Atlantic,  cannot  be  po-itiveiy  affirmed  ui.til  we  have  serial  soundmirs  which  sliall  give  the 
Teujper«ture»  of  »«ucce<^s>\vc  nusva  iu  the  deepest  part  of  that  sea.  But  as  the  temperuturM 
irivi-ri  above  are  thoBC  of  l\\©  bottom  aV.  wxtxovx*  ^e\l^Xv*^  «^  ^^t  «vd««  of  a  ralUit,  and  &:>  the  care- 
''•1  researchea  of  the  U  oiled  bvaxee  Cook&t.  ^xixn^>{  \i^'««\>\%iii«^\x\w:^wk!^^;2^^\^\\3t!A!t.Uie  colder 
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pbenomena  of  tlie  Mediterranean  present  when  compared  with  those  of  the  Eastern 
AthuLtic,  as  will  be  seen  in  the  following  table : — 
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Thus  it  appears  that  with  a  Surface-temperature  almost  exactly  identical,  and  with 
a  rate  of  descent  through  the  Sub-surface  stratum  which  seems  nearly  the  same,  there  is 
a  most  marked  difference  beneath.  For  whilst,  in  the  Sulu  Sea,  the  thermometer 
only  falls  from  51 1°  at  308  fathoms  to  50°  at  500  fathoms,  and  the  temperature  is 
uniform  from  that  point  down  to  the  bottom  at  1,603  fkthoms,  the  thermometer 
undergoes  a  rapid  descent  in  the  China  Sea  from  49'  at  250  fathoms  to  41°  at  416 
fathoms,  and  thence  to  37^  at  673  fathoms,  at  which  point  it  remains  stotionary  down 
to  the  bottom  at  1,546  fathoms.  This  difference  is  attributed  by  Capt.  Chimmo,  in  the 
Author's  opinion  with  adequate  reason,  to  the  exclusion  from  the  Sulu  Sea  of  the  deep 
Polar  (Antarctic)  current,  which  lowers  the  temperature  of  the  China  Sea.  That  the  uni- 
form temperature  of  its  deep  water  from  500  &thoms  downwards  is  lower  by  4°  or  5*^  than 
that  of  the  Mediterranean,  notwithstending  that  it  is  so  much  nearer  the  Equator  that 
the  temperature  of  its  superficial  stratum  is  considerably  higher,  can  be  easily 
accounted- for  on  the  very  probable  supposition  that  there  are  passages  between  its 
bounding  reefs  and  islands,  which  admit  water  of  a  temperature  below  60°  from  the 
outride  sea.  In  fact,  we  might  fix  the  probable  depth  of  such  passages  at  about  250 
fiathoms. 

The  influence  of  a  still  less  complete  seclusion  from  the  Polar  under-flow  is  shown 
in  the  Celebez  Sea,  which  has  lately  been  found  by  Capt.  Chimmo  to  have  the  ex- 
traordinary depth  of  2667  fathoms,  with  a  bottom -temperature  of  38}^ ;  whilst  at 
nearly  the  same  depth  in  the  Indian  Ocean  a  little  to  the  west  of  Sumatra,  the 
bottom-temperature  was  32^  And  the  land-locked  condition  of  the  Gulf  of  Mexico 
seems  to  furnish  the  explanation  of  that  extension  of  a  high  temperature  to  a  much 
greater  depth  than  in  ordinary  Atlantic  water,  which  is  the  distinguishine  attribute 
of  the  Gulf  Stream ;  as  the  Author  has  shown  in  his  Report  of  the  *  Shearwater ' 
Scientific  Researches  (Proceedings  of  the  Royal  Society,  vol.  xx.  pp.  615-619). 

In  his  Report  for  1870,^  in  which  year  the  Author's  researches  were  confined  to  the 
Western  basin  of  the  Mediterranean,  he  described  the  fine  muddy  deposit  which  is 
being  formed  over  the  whole  of  its  deeper  portion ;  this  probably  consists  mainly  of 
the  minuter  partides  brought  down  bj  the  Rhone,  which  appear  to  be  diffused 
through  the  entire  mass  of  the  water  of  the  basin,  and  to  be  graviteting  very. slowly 
to  the  bottom — the  lowest  stratum  of  water  being  everywhere  rendered  turbid  by 
their  accumulation.  Last  year  he  found  the  same  condition  to  prevail  over  the 
bottom  of  the  Eastern  basin,  the  sediment  having  been  there  obviously  brought  down, 
for  the  most  part,  by  the  Nile.  This  turbidity  of  the  bottom-water  appeared  to  him 
to  afford  a  rational  explanation  of  the  extreme  eeantineee  of  animal  life  on  the  deep 
bottom  of  the  Mediterranean,'  which  presented  a  most  unexpected  contrast  to  its 
abundance,  even  at  temperatures  more  than  20'^  lower,  on  the  deep  bottom  of  the 

mnd  heavier  stntam  underlying  the  Golf  Stream  comes  nearer  the  sarfiuse  with  everv  rise  of  the 
bottom  over  which  it  flows,  I  think  it  may  fairly  be  preeamed  that  the  same  cause  is  m  operation 
here  also ;  as  it  seems  to  be  likewise  in  the  "  Lightning  Channel "  between  the  north  of  ScotlanA 
and  the  Faroe  Islands. 

1  Proceedings  of  the  Royal  Society,  vol.  zix.  pp.  199-202. 

s  His  resolu  on  this  point  have  been  oonlirmed  by  the  ievai\a  ot  Q«nvK  ^(texii&k!b!i2%^cst&3[|csv<igk.'m. 
the  Adriatic* 


050  PJ^Mea  (kndOiam  ^  Inlmd  Atm. 

AiUntkL  Im  lufc  the  almort  MOM  ora^tim  of  llw  AbjMl  dipdM  or  «• 
nneaa,  wbikt  ki  ihaUower  jportioiif  teem  ivitk  Uh^  dunm  tiuH  BAwnd  ¥mMt 
doctrine  (beeed  on  kie  rewerchei  im  the  iBgeen)  m  to  ^  Bwitatitii  of  iifawilifcli 
o  depth  of  800  ftiihome.  eeems  to  be  genenlly  tnw  of  the  Mi  *"  «^  — >. 

oaite  «i>Ti*li«*M*  to  Ooeanic  benne. 

WUl^tnot  tbendoniiie  the  beUef  that  the  TrnMSikf  of  tlio 
IhTQHorebly  tfiBeti  its  ndtableneei  as  a  leiidaiee  Ibr  ttost  tunaiB  airimofc,  the 
k  now  disposed  to  sitribote  mora  iafhieiiee  to  Iheoflier  eooiitioiivhi^  ^ 
his  Bi^KMrt  lior  1870  (p.  208),  as  Ukely  to  o^emto  prcjndioiaUj  to  AniiBal  Tift  Mmfe 
tM$  sta^mUim  pfdmoti  hy  i\$  ahtoit  0iUir$  uSamct  0/  wtrUMJ  piixmimtitm,  htm 
gnat  Oeeaaie  system,  if  the  doctrine  mefioiiilT  adfoeatod  ho  oonooCy  ovon^  dMf  rf 
water  is,  in  iti  ton,  bra^t  to  the  svnkoe,  and  e^ose4  to  tiio  paiifjriag  iamwrnm^ 
prolonged  exposnra  to  Atmospheric  air ;  whereby  a  laigo  proportion  of  ill  (MmIi 
Add  ud  ether  prodoets  of  tiie  decompodtkm  of 'Oiginio  motter  will  ht  tmmd, 
and  OsYgen  wUl  oe  absorbed  in  their  place.  But  from  this  moTeasent  the  waterf 
the  Meoiterranean  may  be  laid  to  he  Yirtoslly  exdnded.  Now,  aa  Ifao  ITOo  aid  Ai 
Bhone,  to  say  nothing  of  other  riTeia,  ara  eoostaatlT  bringing  down  o  Terr  Isni 
onsatity  of  Organic  nuitter,  the  flaer  particles  of  wfai«m  team  to  ho  diffned  ttro^p 
tllie  whole  mass  of  the  water  in  die  two  bssins»  and  to  be  dowlj  grantoting  to  '^'~ 
hottom,  it  might  be  anticipated  that  in  their  gradnal  deeompontiMi  thor  wooUt 


rate  Carbonic  Acid  at  the  expense  of  die  Oxygen  dinolTed  in  tiio  water;  ae  thai  ftt 
obymal  water,  being  Mparated  from  the  afanoipben  by  an  iatecfomiup  stcalam  tf 
many  hundred  ftjhoms,  and  being  ncTcr  hroaght  op  to  tae  sorfwoy  woold  ooma  fta  bt 
onfit  for  the  maintenanee  of  anisMl  life. 

Nowin  theJWeajiwisEanyditiQn  of  1809  it  wasfamd  that  the  pweMaof  otponrkap 
proportion  of  Carbmiic  add  in  the  bottom-water  of  tim  Ocean  was  not  ineonq^atabb  wn 
the  existcDce  of  Animal  life  in  great  abondance.  In  feet,  than  waa  reaaon  to  bdift 
that  there  was  a  general  relation  of  oonfermity  between  tiie  nreportum  of  OaihcBiB 
add  and  the  amoontof  Aniaud  life  on  the  bottom  as  indicatea  l^  thedred^e-m^; 
the  effect  of  the  respiratory  and  other  changes  prodaced  by  the  latter  being  to  in- 
crease the  proportion  of  carbonic  acid  at  the  e:q>ense  of  the  oxygen.  Thas,  whilit 
the  per-centage  of  Oxygen  in  surface* water  averaged  sbont  26  per  cent.,  and  that  of 
Carbonic  Acid  sverageid  something  less  than  21  per  cent,  the  Oxygen  in  bottom- 
water  did  not  average  above  19*6  per  cent.,  while  toe  Carbonic  add  cuid  increaaed  to 
nearly  28,  the  per-centaf  e  of  Nitrogen  being  reduced,  at  the  same  time,  from  54  to 
62*6.  The  per-centage  of  Carbonic  add  in  bottom-water  often  rose  much  higher  than 
this,  being  frequently  between  30  and  40,  and  in  one  instance  more  than  48 ;  bat  tha 
per-centage  of  Oxvg:en  did  not  show  a  corresponding  reduction,  being  never  less  than 
16,  while  that  of  Nitrogen  came  down  from  64  to  34*6.  Thus  it  appeared  that  m 
lofiff  OS  Oxygen  waapreunt  in  nfficient  proportion^  the  increase  of  Carbonic  add  to 
nearly  half  the  total  amount  of  ^ases  removable  by  boiling,  did  not  exert  any  an- 
fevourable  influence  on  Animal  life ;  from  which  it  might  m  sormiaed  that  the  Osr- 
bonic  acid  dissolved  in  water  under  great  pressure  is  in  a  condition  altogether  differeat 
from  that  of  yoseous  Carbonic  add,  as  regards  its  relation  to  Animal  respiration.^ 

In  the  Author's  second  visit  to  the  M^tcrranean.  in  the  summer  of  1871,  each  of 
the  samples  of  bottom-water  token  in  two  deep  Mediterranean  Boondings  was  boiled 
until  no  more  gas  came  over ;  and  the  total  quantity  ^ven  off,  which  oorre^onded 
Tery  dosely  vrith  the  average  obtained  in  former  Expeditioas,  was  divided  in  each  case 
into  two  parts,  so  that  there  were  four  spedmens  m  alL    The  compodtion  of  these 

3>ecimen8  agreed  very  dosely,  the  per-centages  bdng  approximately  (for  the  Author 
DCS  not  pretend  to  minute  accuracy)  as  fouows : — Oxygen,  6 ;  Nitrogen,  36 ;  and 
Curbonic  acid,  GO.  Thus  it  appeared  that  very  nearly  the  whole  avauable  Oxygea 
had  been  converted  into  Carbonic  acid,  so  that  while  the  proportion  of  Oxygen  to 
Carbonic  acid  was  never,  in  the  open  sea,  less  than  ofM-Mtrrf,  it  was  bera  no  aiore 
than  one-twelfth, —a,  difference  folly  adequate  to  account  for  the  paudty  of  Animal 
life  on  the  deep  bottom  of  the  Mediterranean. 

That  this  condition  does  not  extend  to  those  moderate  depths  in  which  the  water  is 
subjected  to  the  disturbing  action  of  winds,  tides,  and  currents,  may  be  feirly  pre- 
sumed; but  whether  it  prevails  through  the  whole  stratum  beneath  260  or  300 

1  It  ii  bv  no  means  improlMble  that  tueh  slufrgiBh  animali  at  Monoska  aad  Bcbtaodarma  auj 
i       be  able  to  bear  a  mueb  larger  Qto^QC\kBtk<A  CaxVmmua  «aU,  ia  tha  water  thty  brcatha,  tbam  FuibM 
and  Croataoea.    EspeTimentaL  Nxu^i^NxVM  uvonx  ^ti&a  vAaoi^  -v^&iaSb.  ii&^CQX\AT«iiUb%  juried  out  ia 
ocMUiexion  with  any  lazge  A^oaxluiix,  wvqml  fiLx«x«va3L\Atil  vnaxYViacM^nii^uvmai^ 
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fiUhoma,  so  as  to  conBtitute  the  essentiAl  condition  by  which  Animal  lifo  is  limited  to 
these  depths,  it  would  obviously  be  premature  to  assert.  The  Author  yentures  to 
think,  however,  that  he  has  shown  tnat  the  Physical  conditions  of  any  Inland  sea, 
which,  like  the  Mediterranean,  is  cut  off  from  the  general  Oceanic  circulation,  must 
be  such  as  greatly  to  modify  its  relation  to  Animal  life ;  and  that  it  is  a  matter  of 
great  scientific  importance,  especially  in  relation  to  G^logieal  inquiry,  that  these 
conditions  should  be  carefully  inquirea  into. 

The  Red  Sea  would  prooably  be  found  to  present  in  many  particulars  a  striking 
contrast  both  to  the  Mediterranean  and  to  the  open  Ocean.  Its  Thermal  condition,  as 
has  been  already  shown,  is  altogether  peculiar ;  for  while  its  surface-temperature 
rises  as  high  as  that  of  any  Intertropical  portion  of  the  Ocean,  that  temperature 
seems  to  be  maintained  with  very  little  reduction,  even  to  its  greatest  depths.  But 
the  Red  Sea  further  differs  essentially  from  the  Mediterranean,  in  not  being  the 
recipient  of  any  great  Rivers  bringing  down  detritus  from  the  land.  This,  of  course, 
will  affect  the  condition  of  the  lK>ttom,  on  which  we  should  not  expect  to  find  the 
abundant  sedimentary  deposit  that  is  everywhere  settling  down  in  the  abyssal  depths 
of  the  Mediterranean.  It  will  also  leave  the  bottom- water  clear :  and  in  this  respect 
the  condition  of  the  bed  of  the  Red  Sea  will  be  more  favourable  to  Animal  life  than 
that  of  the  Mediterranean.  But  the  absence  of  Organic  sediment,  if  the  views  pre- 
▼iously  adduced  be  correct,  will  constitute  a  still  more  important  difference  between 
the  conditions  of  the  two  seas  in  relation  to  Animal  life ;  for  while  its  progressive 
decomposition  in  the  abyssal  water  of  the  Mediterranean  consumes  its  Oxygen  and 
imparts  to  it  Carbonic  acid,  at  a  greater  rate  than  "diffusion"  can  counterbalance 
without  any  vertical  circulation  in  the  water  itself,  and  thus  tends  to  render  the 
depths  of  that  sea  uninhabitable,  the  absence  of  the  like  source  of  impurity  in  the 
water  of  the  Red  Sea  may  be  expected  to  leave  its  abyssal  water  in  a  condition  fit  to 
■upport  a  moderate  amount  of  Animal  life :  since  the  process  of  diffusion,  even  with- 
out vertical  circulation,  will  maintain  a  certain  amount  of  interchange  of  gases 
between  the  superficial  and  the  deep  strata. 

These  views  are  suggested  merely  as  fair  inferences  from  our  present  very  limited 
knowledge,  to  be  confirmed  or  set  aside  by  the  result  of  future  inquiries. 
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Geologioal  Survsy  of  England. 
I. — ^Explanation  of  Quabteb-shebt  98  S.E. ;  Illustbatino  the 
Geology  of  the  Neighboubhood  of  Eibkbt  Lonsdale  and 
Kendal.    By  W.  T.  Avelinb,  F.G.S.  ;  T.  McK.  Hughes,  M.A., 
F.G.S. ;  and  R.  H.  Tiddbman,  B.A.,  F.G.S. 

THIS  is  a  description  of  part  of  the  Lake  District,  the  greatest 
portion  of  the  area  being  in  Westmoreland,  the  remaining  psirts 
being  in  Lancashire  and  the  West  Hiding  of  Yorkshire.  The  rocks 
described  include  the  Lower  Silurian,  CJoniston  Limestone =Caradoc 
or  Bala  Beds ;  Upper  Silurian,  Coniston  Flags  and  Grits,  Bannisdale 
Slates,  and  Kirkby  Moor  Flags=Wenlock  and  Ludlow  Rocks ;  the 
Upper  Old  Bed  Conglomerate,  the  Carboniferous  series,  and  the 
Permian  beds.  The  physical  geography  of  the  area  is  described, 
and  Mr.  Hughes  points  out  that  all  the  great  valleys  in  the  neigh- 
bourhood of  Kirkby  Lonsdale  coincide  with  lines  of  fault :  these  he 
describes  in  some  detail ;  he  makes  a  few  remarks  also  on  the  form- 
ation of  swallow-holes.  The  Silurian  rocks  and  their  fossils  are 
described  by  Messrs.  Aveline  and  Hughes,  chiefly  by  the  latter.  Mr. 
Hughes  gives  the  account  of  the  Old  Bed  Conglomerate,  which  is 
regarded  as  the  basement  bed  of  the  Carboniferous  series.  The 
Carboniferous  rocks  are  described  by  Messrs.  Aveline,  HugheSi  and 
Tiddeman.  and  the  Permian  rocks  by  Mr.  Hughes. 


652  B0mew9Sffe$*9  Om>hgjf  qf  Amau 

Two  plaAeB  of  horizontal  ieotionB  are  given,  whidi  are  deaoribei 
by  Mr.  Hughes.  Mr.  Aveline  givea  a  brief  notioe  of  tlie  Allnnum ; 
a  detailed  description  of  which  is  reserved  for  another  manuiir, 
explanatory  of  the  Drift  deposits  of  the  area. 

This  little  work  contains  a  great  deal  of  information  oondnssl 
into  a  small  compass,  and  at  the  same  time  it  is  foxniahed  in  a  wj 
readable  style. 

n. — BXPGKT  or  THE  JdlXEBB*  AsSOOIATIOH  OF  OomMWAUJi  AID  IlBfai* 

SHiBS.    Sva     (Falmonih,  1872.) 

r[S  Beport  contains,  among  other  matters,  some  obeoiratiops  h/ 
Mr.  Wm.  Argall  on  ''Qossans.''  He  defined  "gossan"  as  a 
mixture  of  ceUnlar  qnartz  and  earthy  oxide  of  iron,  often  found  in  tiio 
npper  parts  or  "backs  "  of  mineral  lodes.  He  also  stated  that  oxids 
of  tin  was,  in  Cornwall  at  least,  a  very  common  ingredient  in  gossin 
It  results  from  the  partial  decomposition  of  the  upper  part  of  the 
lode,  and  is  generaliy  valuable  as  an  indication  of  metalliifonnii 
deposits.  Qoraan  is  particularly  charaoteristic  of  copper  lodes.  Thb 
backs  of  tin  lodes  do  not  usually  show  so  much  gossan  as  those  of 
copper  or  iron  lodes,  although  in  some  instances  gossan  has  been 
seen  at  depths  of  thirty  &moms.  In  lead  lodes,  aaaodated  widi 
pyrites,  it  often  happens  that  before  the  lead  ore  is  reached,  tiio 
miners  come  upon  a  variety  of  green  and  brown  gossans  of  di£Bsrent 
mineral  and  chemical  characters. 

Captain  Maynard  read  a  paper  on  "Heaves"  and  *' Slides"; 
Captain  Noble  made  some  remarks  on  lodes  of  iron  ore  in  the  parish 
of  Constantine ;  and  Mr.  H.  Stephens  described  the  mineral  phe- 
nomena of  Huel  Kose  in  the  parish  of  Sithney. 

III. — Post-Glaoial  Geology  or  Lancashire  and  Cheshibb. 

IN  the  Geolooioal  Magazine  for  March  we  published  a  paper  by 
Mr.  T.  M.  Eeade  on  the  Post-Glacial  Geology  and  Physio- 
graphy of  West  Lancashire  and  the  Mersey  Estuary.  The  author 
has  communicated  a  paper  treating  of  the  same  area  to  the  Liverpool 
Geological  Society.  It  is  accompanied  by  a  large  ooloured  map, 
showing  the  deposits  between  the  Mersey,  Dee,  and  Ribble ;  these 
are  the  Bouldcr-clay,  Washed-drift  sand,  Inferior  peat  and  Forest- 
bed,  Formby  and  Leasowe  Marine  beds,  Superior  peat  and  Forest- bed, 
and  Eecent  Silts.  There  are  also  two  plates  of  horizontal  sections 
and  one  of  vertical  sections,  all  coloured. 


I. — ^Thb  Geology  of  Abban  and  the  otheb  Clyde  Islands  ;  with 
AN  Account  op  the  Botany,  Natubal  Histoby,  and  Antiqui- 
ties. By  James  Bbyoe,  M.A.,  LL.D.,  F.G.SS.L.  &  I.  (Glasgow 
and  London :  Collins,  1872.) 

DB.  BRYCE'S  serviceable  little  work— chiefly  occupied  with  the 
attractive  subject  of  the  geology  of  Arran — ^has  now  reached  a 
foarth  edition.    ^W^en  a\)OoY  «kxrvN^^  ^\.  V^dca  ^\a2^^^  TOArits  haTO 
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liot  been  without  acknowledgment ;  it  is  of  more  importance,  there- 
fore, with  all  respect  to  the  author,  to  point  out  any  faults  or  defects 
that  may  still  appear  in  it 

The  general  succession  of  rocks  in  Arran  has  long  been  pretty 
well  made  out,  having  been  investigated  by  many  able  geologists, 
from  the  days  of  Jamieson  and  MoCullooh,  down  to  those  of 
Sedgwiok,  Mubohison.  Bamsay,  and  Ltell.  A  **  central  nucleus " 
of  granite,  forming  the  lofty  jagged  ridge  which  so  arrests  the  eye 
from  various  points  of  the  Firth  of  Clyde,  and  which  is  found  to 
have  burst  through  and  uptilted  the  older  stratified  rocks  in  its 
neighbourhood,  consisting  of  successive  bands,  more  or  less  entire, 
of  Clay-slate,  Old  Red  Sandstone,  and  Carboniferous  deposits, — so 
for  all  is  comparatively  plain  sailing.^  The  two  "  straits"  or  difficult 
passages  in  Ajran  geology  may  be  said  to  be  (1)  "the  two  granites," 
and  (2)  the  "  glacial  phenomena," — the  one  in  some  respects  peculiar 
to  Arran,  the  other  more  general,  or  pertaining  cdso  to  other 
localities. 

The  granite  which  forms  the  mountainous  district  of  Arran  is 
found  to  consist  of  two  kinds, — coarse-grained  and  fine.  Some  ob- 
servers hold  that  these  are  mere  local  varieties  of  one  and  the  same 
rock,  just  as  there  are  similar  varieties  in  other  rocks,  whether 
ordinary-stratified,  metamorphic,  or  eruptive ;  and  that,  for  anything 
that  appears,  both  are  of  the  same  age,  having  been  upheaved  sub- 
sequently (how  long  subsequently  we  know  not)  to  the  deposition  of 
the  Carboniferous  strata.  But  Dr.  Bryce,  apparently  not  satisfied 
with  this,  proceeds  to  discuss  at  considerable  length  (pp.  21-28) 
"  the  relative  age  of  the  granites."  Let  us  see,  then,  what  he  makes  of  it. 

Apart  from  the  **  nucleus,"  there  are  in  the  island  two  outlying 
tracts  of  granite,  both  of  the  fine  variety,  one  of  which  has  been 
erupted  amidst  Carboniferous  strata,  and  is  therefore  "clearly  of 
later  origin."  The  other,  at  no  great  distance,  occurs  either  in  the 
Old  Bed,  or  at  the  junction  of  this  rock  with  the  Carboniferous  strata, 
rendering  its  identity  of  age  with  the  first-mentioned  "extremely 
probable."  The  granite  of  the  nucleus,  however,  does  not  actually 
come  into  contact  with  either  the  Old  Bed  or  Carboniferous  rocks ; 
but  at  those  points  where  it  comes  nearest  to  them  (with  a  narrow 
belt  of  slate  intervening),  we  find  these  formations  uptilted  steeply 
towards  it,  the  Old  Bed  being  in  some  places  considerably  altered, 
and  the  Carboniferous  strata  overlying  it,  in  general,  conformably, 
or  at  a  corresponding  angle  of  disturbance  or  elevation.  These  cir- 
cumstances, taken  along  with  the  fact  that  there  are  no  worn  frag' 
menu  of  the  granite  found  imbedded  in  the  sandstones  of  either 
formation,  seem  to  yield  every  proof  that  the  nature  of  the  case 
admits  of,  that  the  upheaval  of  the  granite,  whether  coarse  or  fine, 
was  at  least  post-Carboniferous. 

^  Yet  even  here  a  curious  mistake  has  lately  been  made.  In  the  short  article  on 
Arran  in  Chambers's  excellent  CyclopoRdia,  we  nnd  it  stated  that  <*  Lias  and  Oolite  lie 
on  the  Mica-slate."    Well  may  the  student  of  Arran  geology  exclaim — 

**  Par  ha'e  I  travelled  and  meikle  ha'e  I  seen, 
But  Lias  on  the  Arran  slates  UQYQr  sasr  I  iDASi^V* 
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Dr.  Bryce,  allading  to  these  factB,  merely  admits  that  they  '^Umi 
to  show  that  the  granite  was  injected  and  elevated  after  the  de|K)dt 
of  the  old  conglomerate."  In  the  next  sentence,  advancing  a  step 
fairther,  he  adds :  '*  Viewing  all  these  facts  in  connexion  with  the 
mend  conformability  of  the  Carboniferous  strata  to  the  Old  Bed 
mdstone,  and  the  gradual  transition  from  the  one  series  to  tbe 
other  observed  in  several  places,  it  is  even  probable  that  the  injectioD 
of  the  granite  took  place  after  the  deposit  of  the  Carbomferons 
formations*'  (p.  23).  But  when  he  goes  on  to  say  immediately  after- 
wards, **  as  the  granite  of  the  nucleus  is  nowhere  seen  to  alter  &e 
Carboniferous  formations,  while  it  certainly  does,  as  above  stated, 
alter  the  Old  Bed  Sandstone,  it  is  quite  possible  that  these  Carboni- 
ferous strata  may  have  been  deposited  upon  the  Old  Red  Sandstone 
during  a  period  subsequent  to  the  irruption  of  the  granite," — we  know 
not  where  to  find  him.  After  getting  the  "  probable"  and  **  extremely 
probable"  of  the  case,  why  go  back  to  the  "possible,"  if,  indeed,  it 
De  a  "  possible  "  ? 

Summing  up  at  p.  27,  "What  then,  it  may  be  asked,  is  the  con- 
clusion which  we  favour,  and  to  be  finally  drawn  from  these  various 
and  somewhat  conflicting  statements?"  In  reply,  we  have  an 
enumeration,  under  six  particulars,  of  the  "  various  possible  concla- 
sions"  in  the  case.     For  example — 

"  2.  The  Old  Bed  Sandstone,  and  the  Carboniferous  Sandstones, 
with  their  intercalated  Limestones  and  Coal  strata,  were  formed 
before  the  granite  was  exposed  to  disintegration." 

"4.  If  the  granite  of  the  nucleus  be  tlms  of  later  age  than  the 
Carboniferous  strata,  then  may  all  the  granites  be  of  one  age." 

"5.  But  as  the  coai*so-grained  gmnite  cannot  with  certainty  be 
pronounced  newer  than  the  Carboniferous  strata,  then  we  may  have 
two  ages  for  these  outbursts." 

These  are  certainly  "  possible  conclusions," — one  or  other  of  them 
is  likely  to  be  true  !  But  which  of  them  the  Doctor  *'  favours,"  or 
recommends  to  be  "  finally  drawn,"  remains  undisclosed. 

Nor  is  Dr.  Bryce  in  any  degree  clearer  or  more  satisfactory  on 
the  other  point  to  which  we  have  referred,  namely,  the  **  glacial 
phenomena"  of  the  island.  Speaking  of  the  transported  Ix^ulders, 
ho  says  (p.  41)  :  ''We  know  of  only  two  natural  agents  capable  of 
I)roducing  the  efiects.  These  are  currents  of  water  and  moving 
masses  of  ice."  But  after  tlius  bringing  forward  two  natural  agents 
(allowing  this  mode  of  expression  to  pass  as  correct)  and  pronouncing 
them  both  "  capable  of  producing  the  effect,"  he  immediately,  in  the 
next  sentence,  dismisses  one  of  them  :  "Now  the  former  [i.e.  currents 
of  water)  are  totally  tnadcfjuate  to  carry  forward  masses  of  the  euor- 
mous  magnitude  found  hero,  or  even  to  transport  the  lesser  blocks 
over  all  the  obst^iclee  which  they  have  surmounted  in  their  outward 
course  from  the  parent  rock."  Currents  of  water  are  thus  decisively 
put  out  of  court.  Yet  a  few  pages  further  on,  in  describing  the 
Corriegills  boulder,  ho  says  (p.  74)  :  "  We  have  already  considered 
the  only  possible  causes  [of  its  transport],  and  attempted  to  estimate 
the  evidence  in  favour  ol  ^a^cXi.    TW\*  \ft  '^kvih  we  chiefly  lean  re- 
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oeives  support  from  the  case  before  us.  A  crowd  of  lesser  blocks 
surrounds  the  Huge  boulder  of  whioh  we  speak, — an  association 
much  more  likely  to  occur  in  the  case  of  glAciers  or  herga  than  of 
currents  emanating  from  a  centre  so  remote."  Why,  it  did  not 
appear  that  he  leant  at  all  to  the  hypothesis  of  currents  of  water, — 
it  was  condemned  as  ''totally  inadequate."  Tet  here  we  have  it, 
as  it  were,  reprieved  and  brought  back  again,  as  a  thing  not  so  very 
unlikely,  but  having  only  a  balance  of  probabilities  against  it  Then 
it  appears^  from  what  Dr.  Bryoe  has  just  said,  that  the  cause  to 
which  he  chiefly  leaned  was  ''  glaciers  or  bergs."  But  on  turning 
back  to  the  articles  referred  to,  we  find  that  after  being  **  shut  up  to 
the  conclusion  that  the  agent  was  ice  in  motion,"  he  proceeded  to 
oonsider  the  '*  two  ways  in  which  this  agency  may  have  been  brought 
into  play,"  viz.  floating  bergs,  and  land-ice  or  glaciers.  And  he 
summed  up  in  the  following  terms :  "  Our  views  formerly  inclined 
to  the  iceberg  theory  and  submarine  deposit  of  the  blocks;  but  a 
recent  careful  examination,"  etc.,  '*have  led  us  to  the  conclusion  that 
the  agency  of  floating  bergs  is  insufficient  to  have  produced  the 
regularity  and  persistency  which  the  markings  and  other  evidences 
of  ice  action  now  present,  and  that  an  icy  envelope  in  a  state  of  con- 
stant advance  will  alone  explain  them"  (p.  43).  After  which  it  is 
exasperating  to  have  "glaciers  or  bergs"  coolly  classed  together  as 
*'  the  cause  to  which  we  chiefly  lean." 

If  Dr.  Bryce's  footing  be  thus  unstable  on  the  ice,  we  cannot  say 
that  it  is  firmer  or  surer  on  the  "Boulder-clay."  At  p.  44  he  writes, 
"The  occurrence  of  recent  shells  of  arctic  species  in  the  deposit 
called  the  '  Boulder-clay '  shows  that  in  Arran,  as  on  the  mainland, 
a  climate  prevailed  favourable  to  the  development  of  glaciers." 
But,  as  we  learn  afterwards,  the  shells  do  not  occur  in  the  Boulder- 
clay,  but  in  certain  beds  of  clay  and  sand  overlying  it.  The 
Boulder-clay  itself — "  the  true  old  Boulder-clay,"  as  he  elsewhere 
states  (pp.  183-4) — ^is,  so  far  as  he  has  yet  found,  unfossiliferous ; 
and  he  properly  warns  those  engaged  in  the  study  of  these  super- 
ficial formations  against "  hastily  assigning  to  the  Boulder-clay — ^that 
is,  the  lowest  and  oldest  bed — shells  or  other  fossils  which  may 
really  belong  to  those  which  are  superior  to  it"  (p.  189).  Then, 
the  Boulder-clay,  he  is  of  opinion,  "  may  have  been  formed  by  land- 
ice  ;  the  shell-bed  over  it,  under  and  around  a  rim  of  ice  when  the 
land  had  been  depressed."  The  shell-day  is  thus  later  than  the 
Boulder-clay,  has  been  formed  partly  out  of  it,  indicates  a  different 
condition  of  the  surface,  and  is  on  no  account  to  be  confused  with  it. 
Yet,  as  we  have  seen,  he  begins  by  treating  it  as  a  part  of  the 
Boulder-clay. 

Again,  looking  at  the  shell-beds  in  Arran,  he  finds  their  elevation 
above  the  present  sea-level  to  range  from  70  to  180  feet ;  "  so  that 
the  greatest  depression  of  which  we  have  any  evidence  here  is 
180  feet  below  the  present  sea-level,  not  taking  account  of  the 
depth  required  for  certain  species;  and  toe  hesitcUe  to  speak  with 
confidence  of  any  greater  depression"  (p.  190).  But  how  does  this 
agree  with  what  we  find  at  p.  46,  "  That  if  ytq  c»si  \xARft  %s^  ^os^-- 
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doabted  Boulder-olay  deposit  up  the  glens  to  fhe  heigbt  of  1000  or 
1600  feet,  even  if  we  find  no  shells,  the  eleTstion  nnqnestiooaUy  inffi- 
oates  this  amoont  ai  least  (anthor^s  italics)  of  former  depressioa  **  t  ^ 

On  tiie  whole,  we  feel  constrained  to  say,  the  {glacial  phenemim 
of  Arran  have  vet  to  be  described.  One  good  paper  on  Qmt  Loiite, 
Glenrosa,  or  Glendoy,  would  be  worth  all  we  ha^e  yet  had  on  fts 
sabjeot  Is  there  no  one  among  oar  Scottish  geologiata  who  will  do 
in  this  respect  for  Arran  what  Professor  Bamsay  has  done  so  sd- 
nurably  for  North  Wales?  Or,  better  still,  will  not  tlie  PkobsHr 
himself,  revisiting  the  scene  of  his  early  labonra,  undertake  the  ooi- 
genial  task?  That  would  indeed  be  something  for  all  "glafrialiir^"'* 
to  look  forward  to. 

Meantime,  let  us  part  from  Dr.  Bryoe  in  good  humour :  for  we  sio 
his  debtors.  An  eailter  edition  of  his  book — ^whioh  we  still  pieier 
to  the  present — has  been  (along  with  "Bamsay")'  our  oompanion  in 
many  a  pleasant  ramble  over  the  lovely  island  of  whioh  he  tresta 
And  if  m  what  we  have  written  there  has  been  some  lanltfindiD^ 
it  is  not  that  we  love  Dr.  Biyce  less,  but  that  we  love  Arzan  man, 

B. 

n. — Gboloqioai.  Subvit  or  Ohio.  Beport  of  Progress  in  1869,  hj 
J.  8.  NcwBKRBT,  Ohief  G^logist;  with  Beports  by  E.  R  Ajtdbsvi 
and  Edward  Obton,  Assistant  Geologists.   (Columbus,  1871.) 

Oeolooioal  Survey  op  Ohio.  Report  of  Progress  in  1870,  by  J. 
S.  Newberry  and  Assistants.     (Columbus,  1871.) 

rE  two  volumes  of  Reports  now  lying  before  us  afford  a  striking 
example  of  the  diligence  with  which  the  State  Surveys  are 
being  carried  on  in  America.  Containing  the  results  of  only  two 
years*  investigation,  they  yet  enable  one  thoroughly  to  understand 
the  general  stratigraphical  structure  of  Ohio,  and  moreover  give, 
especially  in  the  form  of  carefully  measured  sections,  a  vast  amount 
of  local  information,  which,  when  it  comes  to  be  put  into  shape  in 
the  final  Report,  cannot  fail  to  prove  of  the  highest  value  to  all 
interested  in  the  welfare  of  that  State. 

The  chief  matter  of  interest  connected  with  the  geology  of  Ohio, 
from  a  commercial  point  of  view,  is  undoubtedly  the  fact  that  one- 
third  of  the  region  (the  south-eastern)  consists  of  profitable  Coal- 
measures,  and  naturally  enough  the  first  efforts  of  Dr.  Newberry 

^  Geological  reading  at  the  best  is  not  free  from  difficulties,  but  in  the  pag«  from 
which  we  have  just  quoted  we  encounter  this  formidable  sentence,  '*  The  elevation  of 
the  [shell]  bed  aboye  the  present  sea^level  expresses  the  amount  of  former  depression 
below  that  lorel."  After  being  fairly  baffled  with  this,  and  giving  it  up  as  a  geological 
riddle,  we  were  relieved  to  find  at  p.  190  an  acknowledgnient  that  the  i£a  here  is 
"obscurely  expressed.'*  But  why  not  have  '* reformed  it  altogether '*  in  pasnng 
through  the  press  P  Another  and  more  serious  mistake,  which  ought  surely  to  have 
been  corrected  before  publication,  is  that  relating  to  the  height  at  which  the  an^or 
was  found  in  Glenrosa.  The  statement  appears  without  any  note  of  correctioD  at 
p.  65,  and  it  is  only  when  we  reach  p.  166  that  we  are  informed  it  was  totally 
erroneous !  A  few  other  corrections  are  needful ;  and  some  of  the  illustratioDs 
(ift^.  fiff.  21.  an  "  AnticVinal  axia**^  ax«  o^kel  \a  unsk  im^cQTemcnt,^in  fact,  should 
a'ther  06  redrawn  or  witShdiawn  vlXoijefCbkSc. 
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and  bis  assistants  have  been  spent  in  elucidating  the  distribution 
and  arrangement  of  this  formation.  Forming  the  western  extension 
of  i^Q  great  Alleghany  Coal-basin,  and  having  a  slight  general  dip 
to  the  south-east,  it  was  supposed  that  many  of  the  coals  worked 
along  the  eastern  border  of  the  State  cropped  out  very  soon,  and 
that  the  seams  seen  to  the  west  of  the  Coal-field  were  carried  by  the 
supposed  uniform  easterly  dip  so  far  below  the  surface  as  to  be 
practically  inaccessible.  The  present  observers  have  clearly  shown 
that  this  is  not  the  case.  They  have  proved  the  existence  of  at 
least  two  gentle  folds  in  the  strata  running  parallel  to  the  strike,  the 
result  of  which  is,  that  certain  good  coals  or  their  horizons  are 
within  easy  reach  all  along  the  valleys  that  cut  the  north-eastern 
portion  of  the  basin.  The  average  dip  to  the  south-east  is  thus 
shown  to  be  utterly  insignificant — not  more  than  three  feet  to  the 
mile.  A  further  and  possibly  a  less  pleasing  consequence  of  the 
determination  of  these  rolls  is,  that  the  Coal-seams  which  were 
formerly  assumed  to  exist  below  the  so-called  Barren  Measures 
have  been  reduced  to  half  their  former  number.  It  may  be  noted 
that  a  river  runs  along  the  bottom  of  each  of  these  synclinals,  the 
Killbuck  and  the  Tuscarawas. 

The  entire  thickness  of  the  Coal-measures  to  be  found  in  Ohio  is 
taken  at  about  1500  feet,  in  which  are  ten  seams  of  workable  coal. 
These  are  of  no  great  thickness,  but  are  of  excellent  quality.  That 
they  are  well  worth  Working  is  shown  by  the  fact,  that  the  annued 
production  of  a)al  in  Ohio  is  3,000,000  tons.  All  the  coals  are 
bituminous,  i.e.  furnace,  coking,  and  cannel  coals, — the  coking  variety 
being  the  most  prevalent. 

Iron  also  seems  to  be  plentifully  distributed  throughout  the  Coal- 
measures,  in  the  form  of  black  band  and  kidney  ore,  etc.,  in  a  manner 
perfectly  similar  to  that  which  obtains  in  Britain.  Indeed,  no  geo- 
logist looking  over  the  sections  which  illustrate  this  portion  of  the 
Ohio  Reports,  can  fail  to  be  struck  with  the  great  resemblance  they 
bear  to  typical  ones  from  our  own  Coal-fields — say,  for  example,  that 
of  Durham.  The  same  alternation  of  sandstones  and  shales,  with 
occasional  beds  of  fire-clay  and  seams  of  coal,  is  to  be  found  in  both 
cases,  and  the  only  difierence  lies  in  tlie  presence  in  the  American 
series  of  one  or  two  beds  of  Limestone,  which,  notwithstanding  their 
small  thickness,  appear  to  be  the  most  constant. 

Immediately  below  the  Coal-measures,  Dr.  Newberry  places  a 
conglomerate,  formed  chiefly  of  white  quartz  pebbles,  as  the  repre- 
sentative of  the  Millstone  Grit.  This  deposit  is,  however,  often  absent; 
and  in  its  southern  portion  at  least  Prof.  Andrews  is  by  no  means 
sure  that  it  is  anything  more  than  local  accumulations  of  pebbles. 
Still  worse  represented  is  the  next  great  division,  that  which  is 
equivalent  to  our  Carboniferous  Limestone.  This  consists  in  Ohio  of 
a  calcareous  bed  known  as  the  '^Maxville  Limestone,"  which  is 
shown  on  the  geological  map  by  a  few  patches  of  small  extent,  and 
idx  between,  along  the  lower  boundary  of  the  Coal-measures  and 
conglomerate,  and  in  the  south  of  the  State  only. 

An  important  group  of  rocks,  however,  next  appears,  and  <y^K<s»^ 
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a  long  strip  of  country.  This  is  the  "  Waverley  Groap,**  a  serids  of 
sandstones  and  grits,  conglomeratic  towards  the  middle  of  the  seiies, 
and  shal  J  near  its  base,  in  all  some  640  feet.  This  important  set  of 
beds  is  supposed  to  represent  the  Lower  Limestone  shales  of  Europe. 
The  "  Upper  Waverley  "  or  **  Logan  Sandstone"  as  it  is  locally  Galled« 
contains  several  forms  of  marine  plants,  but  no  animal  remiins. 
The  latter  are  very  scarce  throughout  this  formation  apparently,  a 
single  indistinct  Cyathophylloid  coral  having  been  obtained  in  ona 
layer  known  as  the  **  City  Ledge,"  and  two  Brachiopods  and  some 
unimportant  fish  remains  in  black  bituminous  shale  near  the  botton 
of  the  series. 

The  lower  beds  of  the  "  Waverley  "  contain  a  considerable  amount 
of  mineral  oil,  which,  however,  has  its  origin  not  in  them,  but  in  the 
**  Huron  shale  "  or  "  Black  Slate,"  which  underlies  them  along  most 
of  their  course. 

This  brings  us  to  a  point  in  the  stratigraphical  structure  of  the 

Slate,  at  which  sections  of  the  rocks  cropping  out  in  its  southern  and 

northern  portions  respectively  would  no  longer  tally.     The  cause  of 

this  is,  that  several  great  deposits  lying  in  their  proper  order  aloi^ 

the  shores  of  Lake  Erie  gradually  thin  out  as  their  outcrops  trend  to 

the  south  to  such  an  extent  as  to  disappear  entirely  before  reaching 

the  banks  of  the  Ohio,  which  river  forms  the  southern  and  south- 

eastern  botmdaries  of  the  State.     This  arrangement  will  be  best 

understood  thus : — 

Formations  from  the  **  "Waverley  Group  "  downwards. 

In  the  North  of  Ohio.  In  the  South  of  Ohio. 

Waverley  WaTerley 

Erie  shales  (absent) 

Huron  shales  Huron  shales 

Hamilton  CJnmp  (absent) 

Corniferotts  Limestone  (absent) 

Oriskanv  Sandstone  (absent) 

Wator-lime  and  Salina  Group  (absent) 

Niagara  Group  Niajrara  Group 

;not  at  surface)  Clinton  Group 

(not  at  surface)  Cincinnati  Group 

The  "Eric  slialos"  wliich  skirt  the  lake  of  that  name  have  been 
conclusively  shown  for  the  first  time  by  the  present  survey  to  be  the 
equivalent  of  the  "  Chemung  Group"  of  New  York  Geologists,  the 
characteristic  fossils  of  which  {Sptrifer  Vemevilii,  Leiorhjiichus 
mesocostaUs,  etc.)  have  been  found  in  it  in  considerable  numlxjrs. 

These  beds,  400  feet  thick  in  the  north,  and  absent  in  the  south, 
form  the  summit  of  the  Devonian  rocks;  the  oil-producing  *' Huron 
shales,'*  whicli  have  a  continuous  outcrop  across  the  State,  coming 
next.  In  some  calcareous  concretions  occurring  near  the  base  of  the 
latter,  Mr.  llertzer  has  recently  discovered  the  remains  of  gigantic 
fishes,  to  the  most  remarkable  of  which  the  name  of  Dinichihgs 
JSertzeri  has  been  applied.  Respecting  this  monster  Dr.  Newberry 
says  :  "  This  name  [Hertzer's  terrible  fish]  will  not  seem  ill-chosen 
when  I  say  that  the  fish  that  now  bears  it  had  a  head  three  feet  long 
by  two  feet  broad,  and  that  his  under-jaws  were  more  than  two  feet 
*"  length  and  five  inchea  deei^.    Tk^^  ar^  composed  of  dense  bony 
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tasBue,  and  are  turned  np  anteriorly  like  sledge-nmnerB,  the  extremities 
of  both  jaws  meeting  to  form  one  great  triangular  tooth,  which  in- 
terlocked with  two  in  the  upper  jaw  seven  inches  in  length  and  more 
than  three  inches  wide.  It  is  apparent  from  the  structure  of  these 
jaws  that  they  oould  easily  embrace  in  their  grasp  the  body  of  a 
man — ^perhaps  a  horse;  and  as  they  were  doubtless  moved  by 
muscles  of  corresponding  power,  they  could  crush  such  a  body  as 
we  would  crack  an  egg-shell."^ 

The  ''  Hamilton  Group/'  the  next  in  descending  order,  which  is 
well  developed  in  Michigan,  was  heretofore  unknown  in  Ohio.  It  is 
a  compound  mass  of  limestones  and  shales.  This,  with  the  Erie  and 
Huron  shales,  corresponds  to  our  Upper  Old  Red  ;  whilst  the  next 
two,  the  "Comiferous  Limestone"  and  the  "Oriskany  Sandstone," 
are  the  supposed  equivalents  of  the  Devon  and  Eifel  Limestones. 

Neither  these  Devonian  rocks  nor  the  Silurians  had,  up  to  the 
dates  of  the  report,  been  made  the  subject  of  such  minute  study  as 
the  formations  in  the  eastern  half  of  the  State ;  but  their  general 
trend  is  sufficiently  indicated.  Their  distribution  is  entirely  de- 
pendent on  a  great  anticlinal,  the  axis  of  which  may  roughly  be 
taken  as  running  from  near  Toledo  at  the  western  extremity  of  Lake 
Erie  to  Cincinnati  on  the  Ohio. 

The  result  of  this  master-fold,  and  of  the  subsequent  denudation 
of  its  summit,  is,  that  in  the  south-western  comer  of  the  State  only  do 
all  the  members  as  far  down  as  the  Cincinnati  group  crop  out.  In 
the  north,  both  that  formation  and  the  **  Clinton  Group  "  are  buried 
beneath  the  arch ;  an  island  of  the  topmost  beds  of  the  Niagara  alone 
is  seen  in  the  form  of  an  inlier  immediately  along  the  axis.  The 
''Water-lime  and  Salina  Group"  surrounds  it  on  three  sides  and  dips 
away  from  it  to  the  west  and  east.  Above  this  the  newer  beds  once 
more  make  their  appearance  one  by  one,  in  the  north-west  comer, 
viz.  the  "  Oriskany,"  the  "  Comiferous,"  the  "  Hamilton,"  and  the 
"Huron"  groups,  all  dipping  to  the  west 

We  have  thought  it  preferable  to  sketch  thus  rapidly  the  geological 
structure  of  Ohio  as  a  whole  according  to  the  data  now  afforded  us, 
rather  than  to  dwell  on  some  of  the  many  interesting  local  details  with 
which  these  works  abound ;  more  especially  as  the  latter  are  still  in 
their  rough  state,  and  will  no  doubt  be  more  fully  discussed  in  the 
complete  final  report.  Such  are  for  instance  the  numerous  facts  as 
to  the  divisions  of  the  Drift  in.  Ohio,  concerning  which  we  will  only 
say  that  none  of  the  authors  who  treat  this  branch  of  the  subject 
seem  to  find  any  difficulty  in  following  to  a  great  extent  Dr.  Dana's 
theory  of  the  origin  of  the  glacial  deposits  of  that  region,  as  against 
that  so  staunchly  upheld  by  Principal  Dawson. 

One  or  two  facts  we  must,  however>  not  pass  in  silence.  One  is 
the  occurrence  in  Williams  County  of  two  distinct  lake  beaches, 
accurately  marking  contour  lines,  concerning  which  more  details 
would  be  acceptable.  The  other  is,  that  the  old  channels  now  filled 
with  Drift  are  shown  to  have  been  of  a  much  greater  depth  than 

^  For  an  account  of  this  Fish,  with  Woodcut  figures,  see  Gbol.  Mao.,  1868,  Vol. 
v.,  p.  184. 
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Fftbia,  on  tiie  St  (}otthardt ;  3.  Sapphire  from  Ceylon ;  4.  Blende 
firom  Eapnik;  5.  Fahlerz  from  Horhausen,  near  Nieuwied;  6. 
Atakamite  from  South  Australia;  7  and  8.  Epidote  and  Apatite  from 
thA  Sulzbaohthal ;  9.  The  crystallographic  terminology  of  the 
^Bexakisoctaedron.  L.  J.  Sgelstrom :  New  and  rare  Swedish  Minerals. 
H«  Hofer :  Minerals  of  Oarinthia :  1.  Bosthomite,  a  new  fossil  resin ; 
2,  Ilsemannite,  a  native  molybdenum-salt ;  also  the  Melaphyre  of 
tbe  Lower  Taixa,  Hungary  (pis.  iv.  and  ▼.).  Th.  Peterson :  Hydro- 
sulphates  of  Alumina ;  1.  Coeruleolaotine ;  2.  Yariscite.  A  Streng  : 
Felspar  Studies  (pi.  x.).  A.  Eenngott:  Composition  of  Epidote. 
K.  Th.  Liebe :  Beyrichite  and  Millerite.  B.  Schultze :  Crystallized 
Boiacite,  and  the  Formation  of  Nodules  of  Boracite  in  the  refuse  salt 
at  Stassfurt.  P.  Ton  Jeremejew ;  Microsoopio  Diamonds  in  tbe 
Xanthophyllite  of  the  Schischimski  Mountains,  Ural  (woodcut). 
Zelger :  On  Styloliths.  Ad.  Pilcher :  Fossils,  Books,  and  Minerals 
of  tibe  Tyrol;  1.  The  Granite  Massif  of  Brizen;  2.  Diorite  and 
Melaphyre  near  Elausen ;  3.  Diorite  in  the  Liisen  Valley,  etc.  H. 
Kosenbusch :  Petrographic  Studies  on  the  Books  of  the  Kaiserstuhl : 

1.  The  Limburg  Bocks  (pis.  iii.  and  iv.).  A.  von  Lasaulz:  Petro- 
graphic Studies  on  the  Yolcanio  Bocks  of  Auvergne ;  2.  Lavas  of 
the  Chuquet-Couleyre,  etc. ;  3.  Lavas  of  the  Puy  de  Pariou,  eta 
4.  Trachytes  of  Mont  Dore,  eta  (pi.  zL).  Ferd.  Zirkel:  Micro- 
mineralogical  Notices  (pi.  viii.) ;  1.  *'  Fluid-enclosures  "  in  Felspar ; 

2.  Crystals  in  Microscopic  "Fluid-enclosures;"  3.  Abundance  of 
Apatite  in  Eruptive  Bocks ;  4.  Leucite  with  radiate  structure ;  5. 
ElsBOlite;  6.  BischofiTs  Melted  Basalt;  7.  Sorby's  Melted  Syenite 
of  Mount  Sorrel ;  8.  Hauynophyre  from  Mount  Vultur,  near  Malfi ; 
9.  Smirgel ;  10.  Microscopic  Tridymite ;  11.  Serpentine  Nodules  in 
Marble  (with  strong  mineralogical  doubts  as  to  the  organic  origin  of 
the  so-called  Eozoon)  :  further  Notices,  1872  (pi.  i.) ;  1.  Chatoyant 
Obsidian ;  2.  Basalt  from  Hamberg,  near  Biihne ;  3.  Glass-filled 
Sandstone  in  contact  with  Basalt ;  4.  Striped  Orthoclase.  H.  Behrens : 
Preliminary  Notice  on  the  Microscopic  Constitution  and  Structure  of 
Greenstones  (pi.  vii.).  H.  Credner:  North- American  Porphyroid- 
schist  (Schieferporphyroide).  J.  Struver :  *  Mineral  Formations  in 
the  Ala  Valley,  Piedmont  Ch.  E.  Weiss :  Anomopteris  Mougeoti 
(woodcut).  B.  D.  M.  Yerbeek :  Nummulites  of  the  Borneo  Lime- 
stone (pis.  i.-iii.),  namely : — N.  PengaronensiSf  Verb.,  N,  sub-brong- 
niartif  Yerb.,  N.  Biaritzensis,  d'Aroh.,  N.  striataj  d'Orb.,  var.  nov. 
Of  these,  the  author,  writing  from  Pengaron,  states  that  N.  Fenga- 
ronensis  occurs  in  the  lower  bed  with  Orhitoidea  Fortisiiy  d*Arch. ; 
and  that  the  other  three  are  found  together  in  the  Upper  Limestone, 
which  abounds  with  other  fossils,  including  Echinoderms.  The  last 
occurs  in  other  places  plentifully,  together  with  N.  Bamondi,  Defr., 
which  is  not,  however,  found  at  Pengaron.  N,  Biaritzensis,  however, 
abounds  there,  and  is  thus  the  only  species  reaching  from  the 
Pyrenees  to  Borneo.  M.  Yerbeek  thinks  that  the  Nummulitic  for- 
mation will  probably  be  found  in  Southern  Borneo,  in  Java,  and  in 
most  of  the  islands  of  the  great  Indian  Archipelago.  E.  G.  Zimmer- 
man :  A  New  Species  of  Deer  from  the  ALLviNviTCi  q1  ^<dss£kssx£^ 
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(pi.  ii.).     C.  W.  C.  Giimbel :  Preliminary  Observations  on  Deep-sea    I 

Mud.  L.  Wiirtenberger :  The  Origin  of  the  Schaffbausen  Falls  of  ' 
the  Rhine  (woodcut).  R.  Linke:  The  Constitution  and  Origin  of 
the  Bunter  Sandstone  Formation  of  the  East  border  of  the  Thurin- 
gian  Basin.  C.  W.  C.  Fuchs :  The  Geological,  Microscopical,  and 
Chemical  Examination  of  the  old  Sedimentary  formations  in  the 
French  Pyrenees,  with  especial  reference  to  the  metamorphoos  of 
these  and  other  old  rocks  (pL  vii.).  The  conclusions  arrived  at 
(p.  878)  are  as  follows  : — 1.  Between  the  old  sedimentary  beds  and 
the  granite  there  is,  in  many  places  in  the  Pyrenees,  a  seam  of 
metamorphic  schist,  varying  in  thickness.  2.  The  change  begins 
on  the  border  away  from  the  granite  in  faint  traces,  and  generally 
becomes  stronger  as  we  approach  the  granite.  3.  These  stages  <^ 
the  metamorphism  are  not  regular.  Highly  altered  beds  have  leas 
changed  beds  between  them  and  the  granite ;  and  there  are  alterna- 
tions of  beds  in  different  degrees  of  metamorphism.  4u  This  com- 
mences with  the  separation  of  small  nodules  in  the  clay-schist,  which 
gradually  increase  in  number  and  size,  and  at  last  become  andaluaite 
and  chiastolite.  During  the  development  of  these  minerals,  the  rest 
of  the  rock  changes  bit  by  bit  into  a  confused  mass  of  mica  and 
quartz,  with  some  felspar.  5.  Lastly,  real  mica-schist  and  gneiss 
are  produced.  6.  There  are  numerous  transitions  from  the  gneiss  to 
granite ;  and  throughout  this  rock,  which  may  be  termed  ''  granite- 
gneiss,"  there  is  no  actual  division  between  the  two  in  structure. 
7.  The  andalusite  and  the  nodules  in  the  mica-schist  and  gneiss 
gradually,  through  pseudomorjihic  changes,  become  mica,  and  the 
rocks  are  thereby  so  much  the  richer  in  that  mineral.  8.  The  cause 
of  the  mineral  alteration  is  immediately  due  to  molecular  di8j)lace- 
meuts,  brought  about  by  chemical  interchange  of  the  elementary 
constituents.  9.  The  alkaline  earths  and  the  abundant  iron  de- 
crease ;  and  the  alkalies  and  silica  increase.  10.  The  alumina  set 
free  by  the  change  of  the  clay-schist  into  mica-schist,  and  further 
into  gneiss,  originates  the  nodules  and  the  segregations  of  andalusite 
or  chijistolite.  11.  The  organic  material  present  in  the  clay-schist 
diminishes  gradually  during  the  processes  of  change,  but  can  still  be 
recognized  in  all  metamorphic  rocks.  CI.  Schliiter:  Notes  of  a 
Geologico-palaeontological  Journey  in  South  Sweden  (chiefly  referring 
to  the  Chalk  Formation).  H.  J.  Burkart:  The  localities  of  Mexican 
Meteorites.  C.  W.  C.  Fuchs:  The  Volcanic  Phenomena  of  1870. 
Ferd.  von  Hochstetter :  The  Internal  Structure  of  Volcanos,  and 
Miniature  Volcanos  in  Sulphur  (three  woodcuts).  C.  Naumann : 
Molir's  Theory  of  the  Polar  Flattening  of  our  Planet.  Fr.  Pfaff: 
The  Influence  of  Pressure  in  Chemical  and  Physical  Processes.  P. 
Grotli :  The  connexion  between  Crystalline  Form  and  Chemical 
Constitution.  Fr.  Klocke:  The  Growth  of  Crystals  (pis.  vi.  and  ix.). 
With  this  sketch  of  their  varied  contents,  we  direct  the  attention 
of  our  readers  to  these  later  numbere  of  the  **  Neues  Jahrbuch," 
particularly  noticing  their  richness  in  exact  observations  made  by 
lithologist  adn  mineralogist  working  with  the  microscope. 

T.  R.  J. 
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SINCE  I  had  the  pleasure  to  present  my  last  Beport,  at  Edinburgh, 
I  am  glad  to  be  able  to  state  that  two  entire  parts  (Parts  in.  and 
lY.)  of  my  Monograph  on  the  Merostomata  have  been  printed ;  and 
form  part  of  the  volumes  of  the  Palaeontographical  Society's  annual 
fasciculus  for  1871  and  1872  respectively. 

Part  III.  completes  the  genua  Piterj^^o^tis,  and  contains  descriptions 
and  figures  of 

FeUrygotui  ranicept,  Upper  Silarian,  Lanark. 

taurinut.    ^PPf'  Silurian,  Herefordshire. 

ludetm*.    Oldlted  Sandstone,  Kington,  Herefordshire. 

BanktiL    Upper  Ludlow,  Ludlow. 

atylfps.    Upper  Silurian,  Kington,  Herefordshire. 

arcuatut.    Ix)wer  Ludlow,  Leintwardine. 

^—^—^  gigat.    Bownton  Sandstone,  Hereford. 

problemaiiru*.    Upper  Ludlow,  Ludlow. 

JSlmonia  acuminata.    Upper  Silurian,  Lesmahagow. 

Part  lY.  completes  the  sub-order  Eurtpterida,  and  contains 
descriptions  and  figures  of  the  following  genera  and  species  : — 

Stylonurut   Powriei.    Old  Red  Sandstone,  Forfar. 

• megalopa,.  „  Ludlow, 

Symondtii.  „  Rowlestone^  Herefordshire. 

— tnsiformi8,  „  For&r.    • 

Seotietu,  „  „ 

Logani.    Upper  Silurian,  Lanark. 

BurypUru*  Scauleri.    Cfarboniferous  Limestone,  Kirkton,  Bathgate. 

— lanceolatut.    Upper  Silurian,  Lanark. 

pygmat**-    Upper  Ludlow,  £ineton. 

acuminatus.  „  Luolow. 

' linearis.  „  „ 

abhreviatut.    Downton  Sandstone,  Kington. 

Hibemieus,    Old  Bed  Sandstone,  Lreland. 

Brewsteri,  „  Arbroath. 

. seorpioidei.    Upper  Silurian,  Lanark. 

punetatut,    Luolow  Rock,  near  Ludlow. 

obeMus.    Upper  Silurian,  Lanarkshire. 

Brodiei,  „  Herefordshire. 

Hemiaapis  limtdoidea.    Upper  Ludlow,  near  Ludlow. 

speralua.    Lower  Ludlow,  „ 

horridu*.    Wenlock  Limestone,  Dudley. 

Salweyi.    Upper  Ludlow,  Ludlow. 

Two  doubtful  species  of  EurypteruSj  namely,  E,  mammattu,  from 
the  Coal-measures  near  Manchester,  and  E,  ferox,  Goal-measures, 
Coalbrookdale,  and  Staffordshire  Coal-field,  have  been  examined 
critically ;  and  with  regard  to  E.  mammatus,  I  have  also  had  the  great 
advantage  of  the  assistance,  and  rare  p^eeobotanical  knowledge,  of 
my  colleague,  Mr.  W.  Carruthers,  F.R.S. 
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A  careful  examination  of  the  original  specimens  of  ^.  ammm/w 
has  enabled  me  to  show  that  four  out  of  the  six  specimens  known 
and  referred  by  the  late  Mr.  Salter  to  the  genus  Euryptem  are 
plant-remaifiB  referable  to  the  genus  TJlodendran,  or  to  fragm^ti  of 
a  large  Equisetaceous  plant,  and  that  the  two  remaining  parts  ^»pMr 
to  belong  to  Jordan  and  von  Meyer's  genus  ^rthropleiiru,  a  non- 
descript Crustacean  (or,  more  probably,  a  gigantic  Anichnide),  only 
known  at  present  by  a  series  of  obscure  fragments  from  Saaihnicl; 
from  Manchester,  and  from  Gamerton  Colliery,  near  BristoL 

The  ornamentation  as  well  as  the  form  of  these  pieces  are  totally 
milike  any  known  Eurypterus, 

Of  Eurypterw  ferox  I  am  now  able  to  state  that  it  is  not  a 
Eurypterid,  but  is  relerable  to  Messrs.  Meek  and  Worthen's  American 
genus  Enphoheriaf  and  that  it  is  a  gigantic  Mtriapod,  much  larger 
than  our  largest  tropical  living  species  of  Julus  or  Centipede.  Tioi 
is  the  second  species  of  Myriapod  occurring  in  the  Coal-field  of 
Illinois,  U.S.,  which  has  since  also  been  obtained  in  England. 

Of  the  Merostomata  only  the  sub>order  Xiphosura  remains  to  be 
monographed,  a  task  which  I  hope  to  complete  during  the  fM^eent 
year. 

At  the  banning  of  this  year  I  was  requested  by  Eobt.  Etheridge, 
Jan.,  Esq.,  F.G.S.  (of  the  Geological  Survey  of  SooUand),  to  ex- 
amine some  specimens  of  Ceratiocaris  from  Lesmahagow,  Lanark- 
shire. Among  them  was  one  to  which  he  specially  drew  my 
attention,  as  it  presented  the  novel  appearance  of  appendages  on 
the  under  side  of  the  caudal  series  of  segments.  These  consist  of 
gill-like  plates,  depending  freely  from  each  segment.  They  are  no 
doubt  analogous  to  those  seen  in  Nebalia,  which  are  supplementary 
aVnlominal  gill-feet.  The  discovery  of  these  organs  by  Mr.  Etheridge, 
wliich  occur  also  in  several  other  specimens,  does  not  in  any  way 
alter  the  position  of  Ceratiocaris,  but  renders  our  knowledge  of  it 
more  complete. 

Since  Mr.  Salter's  paper  "  On  PeUocaris,  a  new  genus  of  Silurian 
Crustacea,"  was  published  in  18G3  (Quart.  Journ.  Geol.  Soc,  vol. 
xix.,  p.  87),  I  announced  a  second  genus  Discinocaris,  in  1866  (see 
Qujirt.  Journ.  Geol.  Soc.,  vol.  xxii.,  p.  603),  also  from  the  Llandeilo 
flails  of  Dumfriesshire.  Mr.  Charles  Lapworth,  Mr.  J.  Wilson,  Mr. 
Kc>bert  Michie,  and  others,  have  added  several  fine  examples  of  this 
tyjie  of  Phyllopodous  Crustacea,  llie  largest  of  these  is  a  portion 
of  a  carapace  from  Dobb*s  Linn,  Moffat,  Dumfriesshire,  and  apj)ears 
to  agree  best  with  Discinocaris ;  but  instead  of  being  a  carapace  the 
size  of  a  threepenny  piece,  like  Discinocaris  Broicniana,  described 
by  me  in  1866,  this  specimen,  with  its  characteristic  markings,  gives 
evidence  of  an  individual  7  inches  in  diameter.  Another  8j)ecimen 
of  this  same  gigantic  phyllopod  was  obtained  from  Moffat  by  Rol)ert 
Etiieridge,  Jun.,  Esq.,  F.G.S.,  of  the  Geological  Survey  of  Scotland. 

An  entire  carapace  (of  which  three  exaniples  have  been  obtained), 
from  the  Riocarton  Beds,  Yads  Lynn,  near  Hawick,  makes  us  ac- 
quainted with  a  new  genus,  for  which  the  name  AptychopsU  is 
proposed.  •  ^■-■*^  — 

n  .  ■■   "■  .     ^      ^-       -        ^    ■■     ■  - 
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It  measoret  1^  inches  in  length  and  If  of  an  inch  acroBS  the 
carapace. 

The  nuduJ  sutore  is  straight  (not  semicircular,  as  in  PBliotaris), 
and  it  has  a  well-marked  dorsal  suture,  which  again  separates  it 
from  Diseinocaris,  in  which^  the  dorsal  suture  is  absent. 

I  name  this  species  Aptyehopsia  WiUoniy  after  its  discoverer. 

Another  and  more  oval-formed  but  equally  perfect  carapace  of  a 
amaller  species,  from  the  Moffat  Anthracitic  Shales,  measuring  8 
lines  long  by  7  lines  broad  (having  the  triangular  cephalic  plate  tti 
situ),  I  have  named  Aptichopais  Lapworihi,  after  Mr.  Itftpw(nrth,  who 
has  devoted  so  many  years  to  the  investigation  of  the  geology  of 
Gkdasbiels  and  the  surrounding  district. 

A  third  species,  very  distinct  from  the  foregoing  two,  obtained 
from  the  Buckholm  Beds  (which  is  finely  striated  concentrically, 
and  is  7  lines  in  diameter),  I  have  named  Apiychop$i8  glabra. 

There  are  several .  other  examples  from  this  rich  locality,  includ- 
ing specimens  of  Fdtocaris  aptychoidea,  species  of  Dithyroearis, 
Ceratiocaris  and  portions  of  the  scale-marked  integument  of 
JHerygotug, 

I  have  lately  received  from  Mr.  Thomas  Birtwell,  of  Padiham, 
Lancashire,  two  ^>ecimens  of  a  new  Limuloid  crustacean,  in  which 
all  the  thoracico-abdominal  segments  are  welded  together  into  ono 
piece,  as  in  the  modem  Limult*8y  but  without  any  trace  of  seg-- 
mentation  along  the  margin. 

The  head-shield  is  also  smooth,  the  compound  eyes  are  small,  but 
the  larval  ocelli  are  very  distinctly  seen,  and  are  almost  as  large  as 
in  the  modem  king-crabs.  The  specimen  is  only  8  lines  wide  and 
8  long,  it  is  remarkably  convex  in  proportion  to  its  size.  I  have 
named  it  after  its  discoverer  Presttoichia  Birtwdli.  (See  Oeol.  Mao., 
1872,  Vol.  IX.,  p.  440,  PI.  X.,  Figs.  9,  10.) 

Another  new  Limuloid  crustacean,  specimens  of  which  have  been 
obtained  ftom  the  Dudley  Cocdfield,  and  also  from  Goalbrookdale, 
has  the  five  thoracic  segments  free  and  movable  (as  in  Bellinurui 
heUvlus  of  E5nig),  but  the  pleurse  are  bluntly  acuminate,  not  finely 
pointed,  as  in  B.  belltduBj  and  the  head-shield  is  not  armed  with  long 
and  pointed  cheek-spines,  as  in  that  species. 

I  propose  to  name  it  BelUmtrns  K&nigianus,  after  the  distinguished 
author  of  the  *•  Icones  Fossilium  iSectileSy*^  formerly  Keeper  of  the 
Mineral  and  Fossil  Clollections  in  the  British  Museum.  (See  Oxol. 
Mio.,  1872,  Vol.  IX.,  p.  439,  PI.  X.,  Fig.  8.) 

Of  foreign  Palaeozoic  Crustacea,  a  remarkable  new  Trilobite  (ob- 
tained by  Dr.  W.  G.  Atherstone,  of  Graham's  Town,  Cape  Colony), 
from  the  Cock's  Comb  Mountains,  South  Africa,  deserves  to  be 
noticed  here.  It  is  a  new  and  elegant  species  of  Encrinurus 
(measuring  three  inches  in  length),,  preserved  in  the  centre  of  a 
hard  concretionary  nodule,  which  has  split  open,  revealing  the 
Trilobite  itself  in  one  piece  and  a  profile  of  it  on  the  other.  The 
profile  shows  that  each  of  the  eleven  free  body-segments  was  armed 
with  a  prominent  dorsal  spine  nearly  half  an  inch  in  length,  whilst 
the  pygidium  was  similarly  terminated  \y^  «bl  «^«a.  Vs^^jjst  ^^a«k^ 
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dightly  veoarred  aft  its  eztramity,  and  aU  of  the  apines  amaltki, 
as  if  oompoaed  of  a  large  number  of  joiiU9»  Emennuri  with  tao 
(and  in  one  caae  even  wiQi  Aree)  doraal  apines  haTe  been  oMhmI 
in  eonaideraUe  nnmbera,  both  aft  Dudley  and  MalTecn,  and  nnjbt 
aeen  in  Dr.  Grindrod'a  oolleotion»  and  in  the  Biitiaih  Mnaeiim  mi 
many  other  plaoea;  but  a  IMlobttewith  andh  an  array  of  long  dond 
apinea  aa  ia  jfneaented  by  thia  Afinoan  apeoiea  ia  -roxy  TeamrkMb^mi 
for  an  JSiaeniHinif  quite  nniqoe.  I  have  named  it  after  iti  loodifer 
£  crUia^gmBif  whidi  ia  doobly  ^[ypropxiafte.  (See  Prooeedinga  GmL 
Boo.  Lond.,  Not.  20, 1872.) ' 

Among  the  apeoimena  8Mit  me  np  liy  Mr.  BirtweU  firmn  Laneadiiii^ 
from  the  IrangUme  of  the  Ooal-meaaoxea  (ao  xibhin  oigaaio  xenabi), 
waa  one  not  referable  to  the  Craataoea. 

On  examination  it  prorea  to  be  a  new  and  iFOxy  xeaiadaAb 
Araohnidey  referable  to  the  aame  genua  aa  one  described  by  Ut, 
Samuel  Soudder,  of  Boston,  n.S-,  fnmi  the  mipoia  Ck>al«field,  undsr 
the  name  of  Ar^Kiordtct  (aee  Meek  and  Wcrfiien'a  Beport  ca  tt» 
Geology  and  Palaaontolo^  d  lUinoia). 

I  have  named  it  Arclutarbu$  MvUhovaiU.  (See  Gbol.  MaAv  167% 
Yol.  IX.,  p.  886,  PL  EL) 

This  is  the  second  British  Aradhnide  I  hsTe  lately  obtained  bxm 
the  Ironstone  of  the  Ooal-measures. 

TerUary  OruUaeea, — Some  time  sinoe  I  described  two  new  fianai 
of  Crabs'  from  the  Lower  Eooene,  Portsmouth,  disoovered  bj 
Messrs.  Meyer  and  Evans  in  the  excavations  for  the  New  Docb 
there.  More  recently  I  have  received  a  fre^  series,  from  whidi 
I  have  been  enabled  not  only  to  re-figure  and  to  fully  describe  the 
species  named  by  me  (on  December  21st,  1870)  as  Rhachioioma 
hispinosa,  and  to  show  both  the  upper  and  under  side  of  the  male 
and  female,  but  also  to  record  two  additional  forms  for  which  I  pro- 
.pose  the  genus  Litoricola,  naming  them  respectively  L,  glabra  and 
X.  dentata.  These  do  not  belong  (like  Bhachiosoma)  to  the  Portunids, 
but  to  the  Ocypodida,  or  true  shore-crabs,  their  legs  being  adapted 
for  nuining,  and  their  eyes  furnished  with  long  peduncles.'  (See 
Proceedings  GeoL  Soc.  Lond.,  November  20, 1870.) 

This  series  of  Crustacea  (though  they  are  exceedingly  brittle  and 
delicate)  are  remarkable  for  the  perfect  state  of  preservation  in  which 
they  occur,  so  that  we  are  able,  in  each  case,  to  restore  nearly  the  entire 
animal.  Of  the  two  new  ones,  it  is  interesting  to  record  that  they 
afford  evidence  of  unmistakable  land  conditions,  both  of  them  being 
sli ore-dwellers,  and  adapted  for  running  on  the  old  muddy  and 
sandy  beaches  of  the  pre-Eocene  Continent  The  sections  still,  I 
believe,  open  at  Portsmouth,  deserve  an  inspection  from  all  who  are 
interested  in  the  stratigraphical  geology  of  this  series  of  deposits. 

Miocene    Crustacea, — ^Having  been  requested  by  Dr.   A.  Leith 

'  Rhaehioioma  hupinota  and  B,  echifutta.  See  Quit,  Joum.  Geol.  Soc,  1871, 
▼ol.  xxvii.,  p.  91,  pi.  ir. 

^  Under  the  name  of  Gonioeypoda  Edwardni,  I  described  a  trw  Sooene  ibore- 
«rab  from  the  Red  Marl  of  the  Plaauc  Clay,  Hieh  Cliff,  Hampahire,  in  December, 

7.    See  GaoL.  Mao.,  Vol.  IV.,^  bl^^YV.33a..,Y\t»  v 
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Adams,  F.RS.,  to  examine  and  describe  a  series  of  Crustacean 
remains  from  the  Miocene  of  Malta,  collected  by  him  in  that  island,  I 
have  done  so,  and  find  them  to  include  Scylla,  Banina,  Portunites,  Maia, 
Atergatis,  and  perhaps  Neptunm.  The  tScylla  agrees  specifically  with 
the  ScyUa  serrata  found  in  the  Indian  seas  of  to-day  and  in  the 
Tertiaries  of  the  Philippine  Islands.  This  is  one  of  the  species  of 
fossil  crabs  so  largely  imported  into  China  as  ''Medicine-Crabs" 
(see  Mr.  D.  Hanbury's  papers  read  before  the  Pharmaceutical  Society, 
and  published  in  their  Journal,  February,  1862,  et  acq.). 

The  Banina  is  distinct  from  any  recorded  species,  and  I  have 
therefore  to  propose  for  it  a  specific  name.  I  dedicate  it  to  its  dis- 
coverer (J3.  Adamsi), 

The  occurrence  of  these  Eastern  forms,  with  the  remarkable 
£chinoderms  of  Asiatic  type,  in  Malta,  clearly  indicate  the  former 
extension  of  an  Indian  Fauna  as  far  east  as  the  Mediterranean,  if 
not  to  our  own  shores. 

Whilst  still  pursuing  the  subject  of  the  structure  of  the  Tribolites, 
no  new  facts  have  been  collected,  but  much  has  been  done  in  the 
examination  of  larval  Limulus,  the  substance  of  which  I  have  sum- 
marized in  a  paper  read  in  December  last  before  the  Geological 
Society.     (See  Quart.  Joum.  Geol.  Soc,  1872,  vol.  xxviii.,  p.  46.) 

Dr.  Anton  Dohm,  without  (as  I  think)  any  very  clear  reason, 
proposes  to  separate  the  Xiphosuba  and  the  Eubtptebida,  and  also 
the  Tbilobita,  from  the  Crustacea,  on  the  ground  that  they  do 
not,  so  far  as  we  are  at  present  aware,  pass  through  a  Nauplius  stage, 
but  the  young  are  like  the  parents  save  in  the  fewer  number  of  their 
somites.  He  is,  however,  unprepared  to  say  they  are  Arachnides, 
80  that  he  can  only  place  them  in  a  group  intermediate  between  the 
Arachnida  and  Crustacea  (the  Gigantbstraka  of  Heckel).  Against 
this  course  X  have  protested  on  the  grounds  that  if  we  take  away  the 
Trilobita  from  the'  pedigree  of  the  Crustacea,  one  of  the  main  argu- 
ments in  favour  of  evolution  to  be  derived  from  this  class,  so  far 
from  being  strengthened,  is  destroyed.  From  what  are  the  Crustacea 
of  to-day  derived  ?  Are  we  to  assume  that  they  are  all  descended 
from  the  Phyllopods  and  Ostracods,  the  only  two  remaining  orders 
whose  life-history  is  conterminous  with  that  of  the  Trilobita  ?  Or 
are  we  to  assume  that  the  Arachnida  are  the  older  class  ?  ''  If,"  as 
Fritz  Miiller  well  observes,  ''all  the  classes  of  the  Arthropoda 
(Crustacea,  Insecta,  Myriopoda,  and  Arachnida)  are  indeed  all 
branches  of  a  common  stem  (and  of  this  there  can  scarcely  be  a 
doubt),  it  is  evident  that  the  water-inhabiting  and  water-breathing 
Crustacea  must  be  regarded  as  the  original  stem  from  which  the 
other  (terrestrial)  classes,  with  their  tracheal  respiration,  have 
branched  off."  ("  Facts  and  Arguments  for  Darwin,"  p.  120). 

The  accompanying  Table  is  merely  intended  as  an  attempt  roughly 
to  indicate  (according  to  our  present  knowledge  of  the  earliest 
appearance  in  time  of  the  several  orders  of  Crustacea)  the  most 
probable  manner  in  which  the  various  groups  were  evolved  from  a 
common  pre-Cambrian  parent-stock.  I  have  specially  distinguished 
those  which  are  merely  persistent  types,  but  incapable  of  modl^sA^ 
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tion  from  tbose  which  were  capable  both  of  persistence  and  modifi- 
cation ;  and  these  again  from  the  inadaptive  types  which  have  died 
oat.  The  aberrant  and  highly  specialized  parasitic  types  appear  last 
in  time,  and  mark  the  culminating  point  of  the  Crustacea  when  con- 
ditions prevailed  more  highly  fayourable  to  the  class  than  at  any 
earlier  period. 

GcoLooiOAL  SooiBTT  OF  LoNDON. — November  6,  1872. — Prof. 
Bamsay,  F.R.S.,  V.P.,  in  the  Chair. — ^The  following  communications 
were  read : — 1.  *'  A  Beport  by  F.  T.  Gregory,  Esq.,  Mining  Land 
Commissioner  in  Queensland,  on  the  recent  discoveries  of  Tin-ore 
in  that  Colony."  Communicated  by  the  Right  Hon.  the  Earl  of 
Kimberley,  Secretary  of  State  for  the  Colonies. 

According  to  this  report,  the  district  in  Queensland  in  which  tin- 
ore  has  been  discovered  is  situated  about  the  head- waters  of  the 
Severn  river  and  its  tributaries,  comprising  an  area  of  about  550 
square  miles.  The  district  is  described  as  an  elevated  granitic  table- 
land intersected  by  ranges  of  abrupt  hills,  some  attaining  an  eleva- 
tion of  about  3,000  feet  above  the  sea.  The  richest  deposits  are 
found  in  the  beds  of  the  streams  and  in  alluvial  fiats  on  their  banks, 
the  payable  ground  varying  from  a  few  yards  to  five  chains  in 
extent.  The  aggregate  length  of  these  alluvial  bands  is  estimated 
at  about  170  miles,  the  average  yield  per  linear  chain  of  the  stream- 
beds  at  about  ten  tons  of  ore  (cassiterite). 

Numerous  small  stanniferous  lodes  have  been  discovered,  but  only 
two  of  much  importance,  namely,  one  near  Ballandean  Head  Station  on 
the  Severn ;  and  another  in  a  reef  of  red  granite  rising  in  the  midst 
of  metamorphic  slates  and  sandstones  at  a  distance  of  about  six 
miles.  The  lodes  run  in  parallel  lines  bearing  about  N.  50®  E. ; 
and  one  of  them  can  be  traced  for  a  distance  of  nine  or  ten  miles. 
The  ore,  according  to  Mr.  Gregory  and  Mr.  D'Oyly  Aplin,  is  always 
associated  with  red  granite,  i.e.  "the  felspar  a  pink  or  red  orthoclase, 
and  the  mica  generally  black ;  but  when  crystals  of  tin-ore  are  found 
in  situ,  the  mica  is  white."  The  crystals  of  tin-ore  are  generally 
found  in  and  along  the  margins  of  quartz  threads  or  veins  in  bands 
of  loosely  aggregated  granitoid  rock,  but  are  sometimes  imbedded 
in  the  micaceous  portions.  The  report  concludes  with  some  state- 
ments as  to  the  present  condition  and  prospects  of  the  district  as 
regards  its  population. 

2.  "  Observations  on  some  of  the  recent  Tin-ore  Discoveries  in 
New  England,  New  South  Wales."    By  G.  H.  F.  Ulrich,  Esq.,  F.G.S. 

The  district  referred  to  by  the  author  is  in  the  most  northern  part 
of  the  colony  of  New  South  Wales,  almost  immediately  adjoining 
the  tin-region  of  Queensland  described  in  the  preceding  report.  It 
forms  a  hilly  elevated  plateau,  having  Ben  Lomond  for  its  highest 
point,  nearly  4.000  feet  above  the  sea-level.  The  predominant  rocks 
are  granite  and  basalt,  inclosing  subordinate  areas  composed  of 
metamorphic  slates  and  sandstones ;  the  basalt  has  generally  broken 
through  the  highest  crests  and  points  of  the  ranges,  and  spread  in 
extensive  streams  over  the  country  at  tii«  {oo\.. 
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The  workings  of  the  Elsmore  Company,  situated  on  the  north- 
•west  side  of  the  Macintyre  river,  about  twelve  miles  E.  of  the  town- 
ship of  Inverell,  inclade  a  granite  range  about  250  feet  in  h&^ 
and  nearly  two  miles  in  length.  The  granite  of  the  range  is  micaoeoair 
with  crystals  of  white  orSioclase,  and  is  traversed  by  quartz-vdni 
which  contain  cassiterite  in  fine  druses,  seams,  and  scattered  ciystals, 
and  by  dykes  of  a  softer  granite,  consisting  chiefly  of  mica,  and  witii 
scarcely  any  quartz,  in  which  cassiterite  is  distributed  in  dystals, 
nests,  and  bunches,  and  also  in  irregular  veins  of  several  inches 
in  thickness.  This  granite  yields  lumps  of  pure  ore  up  to  at  least 
50  lbs.  in  weight.  The  quartz-veins  contain  micaceous  portions 
which  resemble  the  *'Greisen**  of  the  Saxon  tin-mines.  The  deepest 
shaft  sunk  in  one  of  the  quartz- veins  was  about  60  feet  in  deptL 
The  author  noticed  certain  minerals  found  in  association  with  the 
tin -ore,  and  the  peculiarities  of  the  crystalline  forms  presented  by 
the  latter. 

The  drift  is  very  rich,  and  consists  of  a  generally  distributed 
recent  granitic  detritus,  from  6  in.  to  2  ft.  thick,  and  of  an  older 
drift  (probably  Pliocene)  capping  the  top  of  the  range,  and  probably 
dipping  beneath  the  adjoining  basalt  The  washing  of  the  granite 
detritus  gives  from  3  ozs.  to  more  than  2  lbs.  of  ore  per  dish  (of 
about  20  lbs.).  The  older  drift  is  rather  poor  in  tin  to  within  about 
a  foot  of  the  bottom  ;  but  the  bottom  layer  is  in  part  Very  rich,  some 
having  yielded  as  much  as  6  lbs.  of  ore  per  dish. 

The  author  also  described  the  Glen  Creek,  about  40  miles  north  of 
the  Elsmore  mine,  from  the  surface  deposits  of  which  tin-ore  has 
been  obtained  by  washing.  The  course  of  the  creek  is  mostly 
through  a  black  hard  slate  destitute  of  fossils ;  but  at  one  part,  for 
about  10  chains,  its  bed  consists  of  a  fine-grained  hard  granite,  with 
numerous  veins  of  arsenical  and  copper  pyrites,  and  one  solid  vein 
of  tin-ore,  about  J  in.  in  thickness,  all  of  which  pass  from  the  granite 
into  the  slate  without  any  interruption  or  change,  the  passage  from 
one  rock  into  the  other  being  also  gradual. 

The  chief  underlying  rock  of  the  district  is  a  black  slate,  but 
dispersed  through  it  are  small  outcrops  of  a  rather  coarse-grained 
micaceous  granite,  close  to  one  of  which  several  veins  of  solid  tin- 
ore,  from  1  to  4  inches  thick,  have  been  found  traversing  the  slate 
rock.  The  tin-ore  disseminated  through  the  surface-deposits  has 
been  derived  from  these  veins  and  from  a  very  hard  and  tough 
greenstone  (diabase),  which  occurs  in  large  dykes  and  patches  in 
various  places,  and  is  probably  younger  than  the  granite. 

In  conclusion  the  author  refen-ed  to  the  probability  that  a  defi- 
ciency of  water  may  prove  a  great  obstacle  to  the  full  development 
of  the  tin-mining  industry  in  this  district,  but  stated  that  **  it  seems 
not  unlikely  that  the  production  of  tin-ore  from  this  part  of  Australia 
will  reach,  if  not  surpass,  that  of  all  the  old  tin-mining  countries 
combined." 

Discussion. — Mr.  Daintree  commented  on  the  enormous  value  of  the  170  miles 

of  frontage  for  stream-tin  works  exposed  in  Queensland.     The  value  of  these  alone 

)uJd,  according  to  Mr.  Gte^orj'^  t^t\As.\Aou^  \i^  ^ws^a  £Vi^QQO^OOO;  taking  an 
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equal  yalae  for  those  of  New  Soath  Wales,  there  would  he  lying  on  the 'surface 
Bomething  like  twenty-fiye  times  the  whole  amount  of  tin  annu^y  prodaced  in 
Cornwall.  In  addition  to  this,  there  were  lodes  of  immense  length  and  richness. 
At  the  same  time  there  were  lar^e  tracts  of  similar  granite  to  that  containing  the 
Btanniferons  veins  still  unexplored  in  other  parts  of  Queensland.  What  amount  also 
of  tin-hearing  drift  might  exist  under  the  tracts  of  hasalt  was  still  unascertained. 
The  tin  and  other  minerals  were,  he  ohsenred,  limited  to  the  palaeozoic  and  metamor- 
phic  districts  traversed hy  dykes,  such  as  those  mentioned  in  Mr.  Ulrich's  paper ;  and 
although  very  large  areas  of  granite  similar  to  that  of  the  Severn  river  were  to  he 
found  m  other  parts  of  Queensland  and  Australia,  the  stanniferous  portions  would  he 
confined  to  the  areas  traversed  hy  such  dykes. 

3.  ''On  tiiie  included  Bock -fragments  of  the  Cambridge  Upper 
Greensand."  By  W.  Johnson  Sollas  and  A.  J.  Jukes -Browne. 
Communicated  by  Prof.  Bamsay,  F.B.S.,  P.6.S. 

The  occurrence  of  numerous  subangular  fragments  in  the  Upper 
Greensand  formation  was  so  far  remarkable  that  it  had  already 
attracted  the  notice  of  two  previous  obseryers  (Mr.  Bonney  and 
Mr.  Seeley),  who  had  both  briefly  hinted  at  the  agency  of  ice.  While 
ignorant  of  the  suggestions  of  these  gentlemen,  the  authors  of  this 
paper  had  been  forced  to  the  same  conclusion.  A  descriptive  list 
had  been  prepared  of  the  most  remarkable  of  the  included  fragments. 
The  infallible  signs  of  the  Upper  Greensand  origin  consisted  in 
incrustations  of  FUcatula  sigillum,  Ostrea  vesiculosa,  and  ''Copro- 
lite,"  without  which,  it  was  stated,  the  boulders  would  be  undistin- 
guishable  from  those  of  the  overlying  drift  The  following  gene- 
ralizations were  then  put  forward : — 

1.  The  stones  are  mostly  subangular;  some  consist  of  friable 
sandstones  and  shales,  which  could  not  have  borne  even  a  brief 
journey  over  the  ocean-bed. 

2.  Many  are  of  large  size,  especially  when  compared  with  the 
fine  silt  in  which  they  were  embedded ;  the  stones  and  silt  could 
not  have  been  borne  along  by  the  same  marine  current 

3.  The  stones  are  of  various  lithological  characters,  and  might  be 
referred  to  granitic  schistose,  volcanic  and  sedimentary  rocks,  pro- 
bably of  Silurian,  Old  Bed  Sandstone,  and  Carboniferous  age. 

Such  strata  are  not  found  in  situ  in  the  neighbourhood,  and  the 
blocks  must  have  come  from  Scotland  or  Wales.  Numerous  argu- 
ments were  adduced  in  favour  of  their  Scottish  derivation* 

The  above  considerations,  that  numerous  rock-fragments,  some  of 
which  are  very  friable,  have  been  brought  from  various  localities 
and  yet  retain  their  angularity,  were  thought  sufficient  evidence  for 
their  transportation  by  ice ;  the  majority  showed  no  ice-scratches, 
but  the  small  proportion  of  scratched  stones  in  the  moraine  matter 
borne  away  on  an  iceberg,  and  the  small  percentage  of  ice-scratched 
boulders  in  many  deposits  of  glacial  drift,  show  that  the  absence 
of  these  strisa  is  not  inconsistent  with  the  glacial  origin  of  the  in- 
cluded fragments.  Besides  this  the  stones  of  the  Greensand  con- 
sisted of  rock,  from  which  ice-marks  would  readily  have  been  re- 
moved by  the  action  of  water.  The  authors  stated,  however,  that 
they  had  found  more  positive  evidence  in  a  stone  which  was  unmis- 
takably ice-scratched,  consisting  of  a  siliceous  limestone,  and  pre- 
served in  the  Wood  wardian  Museum.   Tbft  iaxTM^  Wii»3t  ^aNX.^^^'^^ 
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and  its  palaBontologioal  relations,  affected  natural  history,  and 
indeed  most  branches  of  philosophy.  The  nomenclature  of  geology 
"was  applied  to  political  discussions,  and  carried  even  into  the 
oolumns  of  journals  and  periodicals.  A  consequence  of  stratification, 
xnineralogical  and  palsdontological,  in  extension  of  succession,  is  tlM 
acknowledgment  of  the  passage  of  greater  epochs  of  time  than  had 
been  heretofore  admissible  in  history  or  chronology.  Thus,  too,  the 
range  of  the  infinite  in  space,  extended  by  the  investigation  of  the 
fixed  stars,  was  fortified  by  the  element  of  the  eternal  in  time.  This 
contemplation  affected  not  only  the  early  narrations  of  the  historian, 
but  it  also  gave  evidence  of  fixity  and  stability  in  the  conditions  of 
the  universe.  After  alluding  to  the  testimony  as  to  the  relations 
of  light  afforded  by  the  eye  of  the  Trtlohitej  ihe  support  given  by 
geology  to  the  speculations  of  the  natural  philosopher  was  mentioned 
in  the  examples  of  the  powers  of  water,  fire,  and  electro-magnetism, 
and  their  connexion  with  the  phenomena  of  the  universe,  as  illus- 
trated by  late  investigations  of  the  sun's  photosphere,  of  meteors, 
and  comets.  Geography  has  had  to  regard  the  effects  of  the  past 
and  the  present,  and  to  consider  the  connexion  of  countries  by  their 
strata  and  mineral  relations,  and  also  the  distribution  of  plants  and 
animals.  The  fossil  marine  fauna  and  flora  were  the  introduction  to 
what  is  yet  to  be  discovered  at  the  bottom  of  the  ocean.  Thus, 
geology  anticipates  geography  and  natural  history,  and  gains  a  fore- 
oast  of  events.  Meteorology  has  expanded  its  range  to  embrace  a 
knowledge  of  the  vicissitudes  and  changes  of  climate,  which  have 
left  the  vestiges  of  glacial  action  in  the  tropics  and  planted  tropical 
remains  in  the  polar  regions.  As  the  bonds  of  restriction  of  thought 
by  prejudice  are  loosened,  and  our  grasp  gains  in  freedom,  the  dreams 
of  the  past  acquire  consistency.  We  have  seen  the  dragons  of  folk- 
lore, and  have  found  the  abodes  of  the  man-eating  ogres,  and  handled 
their  weapons  and  tools.  It  is  in  philosophy,  including  theology, 
that  the  effect  of  geological  discussions  may  most  clearly  be  dis- 
covered. The  English  on  both  sides  of  the  Atlantic  have  more 
especially  promoted  these  discussions  and  the  advance  of  geological 
studies,  which  in  their  early  contests  against  prejudice  could  be  best 
cultivated  under  free  institutions.  The  conflict  with  the  schools  of 
theological  interpretation  has  most  usefully  taken  place  in  those 
countries  where  the  subjects  were  exposed  to  the  investigation  and 
examination  of  men,  compelled  to  give  a  reason  for  their  faith.  In 
theology  a  salutary  breadth  had  been  given  to  the  interpretations  of 
historical  portions  of  the  Scriptures,  and  the  canon  which  divides 
the  domain  between  science  and  theology  had  been  re-enacted.  The 
course  of  geology  has  influenced  those  sects  of  thought  into  which 
in  all  time  men  have  been  divided.  Its  facts  and  teachings  have 
been  adopted  by  those  who  accept  the  perpetual  succession  of  matter, 
and  have  led  to  most  brilliant  speculations,  for  the  development  of 
which,  by  great  men  of  science,  the  students  of  the  world  anxiously 
await.  To  the  other  school,  of  those  who  acknowledge  evidences 
of  design,  geology  affords,  in  its  facts,  abundant  confirmation. 
Ethnology,  in  its  subject  of  men,  is  the  nobleic  ae>\!^ii<^  «sA  «^£^<st  \i^ 
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its  traditions,  but  it  has  been  greatly  favoored  by  the  advance  of 
geology,  and  is  thereby  acqairing  the  claims  of  an  exact  and  reoog- 
nized  department  of  science ;  whatever  its  development,  the  mode 
of  reasoning  adopted  must  ere  long  be  acted  upon  by  that  worked  oat 
in  geology.  


BOULDER  CLAY  (P)  IN  DEV0N8HIRE- 
SiB, — Bapid  traverses  and  hasty  observations  have  been  rather 
severely  criticized  in  a  recent  number  of  your  Magazins  ;  but  it  ii 
possible  that  even  in  a  hurried  visit  one  may  make  some  useful 
suggestion.  During  a  recent  erratic  traverse  I  saw  what  I  took  to  be 
Boulder  Drift  in  Devonshire.  Coming  from  South  Wales  to  Tiverton 
by  way  of  Worcestershire,  I  was  much  struck  with  the  similarity 
of  some  of  the  drift  deposits  in  that  part  of  Devonshire  to  those 
boulder  beds  which  obscure  a  great  part  of  the  country  be- 
tween Cardiff  and  Bridgend,  where  I  was  engaged  for  some  time, 
and  often  with  much  '*  scientific  use  of  the  imagination,"  in  com- 
pleting the  re- survey  of  the  southern  part  of  Glamorganshire,  wbidi 
was  chiefly  done  by  Mr.  Bristow.  The  deposits  in  both  areas  aze 
made  up  of  what  may  be  local  materials,  at  any  rate  they  have  not 
come  from  far,  being  leirge  boulders  of  Carboniferous  sandstonee 
and  grits,  quartz,  and  Old  Red  Sandstone.  Those  in  South  Wales  are 
clearly  of  glacial  origin.  May  we  not,  therefore,  look  upon  ih^e 
deposits  in  Devonshire  which  possess  an  identity  in  character  as 
being  of  similar  origin?  These  are,  of  course,  the  ordinary  river 
gravels  as  well  in  these  parts ;  but  the  position  of  some  of  the 
deposits  in  many  places  near  Tiverton,  which  were  pointed  out  to 
me  by  Mr.  Ussher,  forbids  any  notion  of  their  being  due  to  the 
action  of  rain  and  rivers :  they  seem  to  have  been  deposited  after 
the  land  obtained  its  present  general  features,  and  being  irrespective 
of  any  level,  occupying  the  highest  ground,  and  sometimes  coating 
the  hills,  as  they  are  coated  in  South  Wales,  we  can  see  no  traces  of 
marine  action  in  their  formation.  Some  of  the  gravels  and  boulder 
beds  near  Tiverton  are  no  doubt  very  largely  made  up  of  old  Triassic 
conglomerates. 

Although  this  is  only  a  suggestion,  it  may  be  interesting  {o  bring 
it  forward,  as  the  evidence  of  Glacial  deposits  in  the  south-west  of 
England  has  received  some  little  attention.  Some  years  ago  Mr. 
Omierod  ascribed  a  glacial  origin  to  some  "  old  gravels "  in  the 
valley  of  the  Teign.  (Geol.  Mag.  Vol.  VI.,  1869,  p.  40.)  Mr. 
Mackintosh  had  previously  observed  what  he  thought  might  be 
glacial  scratches  on  some  exposures  of  Mountain  Limestone  "  near 
the  summit  of  the  hill  to  the  north  of  Axbridge,"  Somerset  (Geol. 
Mag.  Vol.  III.  1866,  p.  574) ;  and  very  recently  Mr.  Perceval  has 
given  a  note  on  a  Boulder  found  near  Old  Cleeve,  West  Somerset. 
(Geol.  Mag.  April,  1872,  p.-  177).  Mr.  Moore,  too,  sees  evidences 
of  glaciation  around  Bath  (Bath  Nat.  Hist,  and  Antiq.  Field  Club, 
"     <h  10,  1869). 
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P.S. — Mr.  Bristow  tells  me  that  he  and  Professor  Eamsay  found 
Coal-measure  sandstones  with  glacial  striee  in  the  Boulder-clay  near 
Cardiff,  and  that  having  seen  the  drift  on  Exeter  Hill  near  Tiverton, 
he  remarked  to  Mr.  Ussher,  who  was  engaged  in  mapping  the  district, 
that  s  triad  should  be  looked  for,  as  polished  gravel  such  as  that  was 
very  suggestive  of  glacial  action.  H.  B.  W. 


MB.  HOPKINSON'S  NEW  SPECIES  OF  GRAPTOLITES  FROM  THE 

SOUTH  OF  SCOTLAND. 

Sib, — ^While  gratefully  acknowledging  tiiie  value  of  Mr.  Hopkinson's 
researches  among  the  graptolites  of  the  south  of  Scotland,  I  beg  to 
enter  my  protest  against  part  of  his  paper  in  the  November  number 
of  the  Magazine. 

At  p.  601,  Vol.  IX.,  it  is  stated  that  "  The  Lanarkshire  graptolitic 
shale  is  considered  by  Prof.  G^ikie  to  form  *  an  upper  part  of  the 
Mofl&kt  group,'  but  whUe  decisive  stratigraphical  evidence  is  wanting, 
firom  the  evidence  afforded  by  the  fossils  it  seems  more  probable  that 
but  one  band  of  graptolitic  shale  runs  through  the  Llandeilo  rocks 
of  the  south  of  Scotland,  there  being  in  this  band  several  distinct 
zones,  each  marked  by  a  different  assemblage  of  fossils,  but  with 
many  species  in  common." 

During  the  progress  of  the  Geological  Survey  in  the  Leadhills 
district,  "  decisive  stratigraphical  evidence  "  was  obtained  that  the 
Leadhills  graptolitic  shale  group  occupies  a  higher  horizon  than  the 
MoffiEit  group.  This  is  indicated  in  the  Explanation  of  Sheet  15  of 
the  Geological  Survey  Map. 

From  the  localities  given  in  Mr.  Hopkinson's  paper,  it  appears 
that  of  the  ten  new  species  of  graptolites  described  by  him,  two  are 
peculiar  to  the  Moffat  group,  six  peculiar  to  the  Leadhills  group,  and 
two  common  to  both.  There  is  not,  here  at  least,  much  "  evidence 
afforded  by  the  fossils  "  of  the  identity  of  the  two  groups.  What 
I  object  to  on  Mr.  Hopkinson's  part  is  his  describing  the  whole  ten 
new  species  as  "graptolites  from  the  Moffat  group,"  thereby  mixing 
up  fossils  which  it  is  of  the  utmost  importance  to  keep  separate. 
I  am  confident  that  neither  Professor  Geikie,  nor  either  of  my 
colleagues,  Messrs.  Home  and  Skae,  who  have  since  the  survey  of 
the  Leadhills  group  carried  on  the  work  into  the  Moffat  group, 
would  for  a  moment  entertain  the  idea  of  their  identity. 

Even  where  there  really  is  an  absence  of  stratigraphical  evidence, 
it  seems  to  me  that  the  best  course  is  not  to  slump  together  all 
the  fossils  collected  within  a  certain  area  and  call  them  a  "  group," 
but  to  distinguish  the  fossiliferous  rocks  bed  by  bed,  if  need  be. 

Of  the  localities  in  question  a  glance  at  Sheet  15  of  the  Geological 
Survey  Map  will  show  the  following  to  be  in  the  Leadhills  group,  viz., 
Wanlock  Water,  Kirk  Gill,  Lowen  Dod,  and  Laggen  GilL  Lochan 
Bum,  Frenchland  Bum,  Garple  Linn,  and  Moniave  (?)  probably  lie 
within  the  limits  of  the  Moffat  group.  I  trust,  therefore,  that 
pending  the  issue  of  the  Geological  Sorvey  M<^m!cAi  qtl  >^t^  V<^^ss« 
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Southern  Silurian  region,  Mr.  Hopkinaon  will  aooept  the  undemoted 
grouping  of  the  new  species  : — 

Moffat  Group, —  JHplo^aptutJtmhriatus. 

Corytmdea  grxieUi§,  Mincksii, 

Graptolitkut  metUut,  JHcranograptut  rtdu*, 

Lbadhills  Group, —  Comcoir  to  Moffat  A2n>  Lbadhiui 
Dendrograptut  ramttius.  Group, — 
IHptograptw  Ethiridgii,  Graptolitkut  attenuatut. 
pinguit.  Liplograptut  penna, 

Gbolooical  Surtbt,  R.  Li.  Jack. 

Alexandria,  11  Nov,^  1S72. 


THE  DIVINING  ROD  IN  ESSEX. 


Sib, — Mr.  H.  B.  Woodward's  surprise  as  to  the  existence  of  a 
belief  in  the  powers  of  the  Divining  Bod  will,  I  think,  give  waj  ai 
he  finds  it  is  much  more  firmly  believed  in  by  west-country  people 
than  is  commonly  imagined.  A  few  days  ago  I  was  travelling  in 
company  with  a  gentleman  to  whom  I  had  been  introduced,  who  if 
a  civil  engineer  and  architect.  He  was  telling  me  of  some  boringi 
he  had  to  conduct  in  Essex,  in  the  London -clay,  for  water.  I 
immediately  referred  him  to  Mr.  W.  Whitaker's  recently  published 
memoir  on  the  London  Basin,  in  which  is  given  such  a  oopious  lisi 
of  well  and  other  borings,  thinking  these  might  help  him.  I  was 
replied  *to  with  a  smile  of  self-satisfaction,  and  presently  informed 
that  when  he  wished  to  find  water,  he  always  used  a  forked  hazel 
wand,  which  plainly  and  distinctly  ** turned  in  his  hand*'  in  the 
direction  where  water  lay,  and  that  he  had  never  known  this  plan  to 
fail  I  My  purpose  in  writing  is  to  recommend  the  practice  to  the 
Geological  Survey,  so  that  a  corps  of  hazel-wand  explorers  might 
be  formed  and  drilled !  It  would  be  a  novelty  to  have  a  **  Professor 
of  the  Divining  Rod  "  at  Jermyn  Street ! 

Ipswicu.  J.  E.  Taylob. 

CORALLINE    CRAG    FOSSILS. 

Sir, — As  Dr.  Allman  has  not  confirmed  the  statement  made  in  the  Geol.  Mao. 
(ant^  p.  337)  respectinsr  the  presence  of  Purpura  hpillus  in  the  Coralline  Crag,  I 
presume  the  name  of  that  species  cannot  be  introduced  into  my  Catalogue. 

Hvdractmia  is  a  fossil  not  very  rare  in  the  Coralline  Crag,  and  I  have  also  found  it 
in  tlie  Red  Crag,  but  in  this  latter  formation  it  is  possibly  a  derivative  fr<»m  the 
older  bed.  The  shell  this  Hydroid  has  generally  selected  for  investiture  is  Trcphm 
consociah  (Crag  Moll.,  vol.  i.,  p.  49,  tab.  vi.  f.  11) :  a  specimen  now  in  my  p>os&es8ioa 
has  nearly  half  the  shell  exposed.  This  fossil  has  been  long  knovrn,  and  the  name  ci 
it  was  inserted  in  my  *'  Catal.  of  Zoophytes  from  the  Crag  "  (Ann.  and  Mag.  Nat-  Hi«t. 
vol.  xiii.  p.  21,  18-14),  as  Alcyonidium  cir  cum  vest  ieiis.  The  generic  name  ^/rvaxiVtiiM, 
Lanjouroux,  was  adoptedjby  Dr.  Geo.  Johnston  in  his  work  on  the  British  li^^phytes, 
where,  at  p.  304,  he  describes  Alcyonium  echinatum  of  Montague  and  Fleming,  and 
of  which  a  very  indifferent  and  incorrect  figure  is  given.  He  there  speaks  of  the 
papillae  as  "  arranged  in  rows,"  but  those  upon  the  fossil  not  having  that  regularity, 
and  apparently  larger  and  comparatively  fewer  in  number,  as  well  a«  having  the 
layers  in  some  parts  (from  successive  generations)  of  nearly  half  an  inch  in  thickness, 
I  thought  it  might  be  specifically  distinct.  I  have,  however,  since  then  obtained  % 
recent  specimen  covering  a  dead  shell  of  ^'atica  catena,  on  which  tlie  papillie  are  not 
in  rows,  but  irregular,  like  those  upon  the  Crag  fossil.  Its  correct  specific  determina- 
tion iDUst  be  left  for  future  obeetvetti.  %&^b.\s&  V.  Woon. 
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